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ABSTRACT
I n  t h i s  s tu d y  p a r t i c u l a r  a t t e n t i o n  h as  been  p a id  to  th e  
f o ra g in g  b io lo g y  and e c o lo g y  o f  A e o l id ia  p a p i l l o s a  ( L . ) ;  an
a n e m o n e -e a tin g  n u d ib ra n c h  m o llu s c .
* P re y -v a lu e * , d e r iv e d  i n  i t s  c u r r e n t  b io lo g i c a l  s e n se  from  
o p tim a l f o ra g in g  m o d e ls , i s  e x p e c te d  to  be an  im p o r ta n t  
d e te rm in a n t  o f p r e y - s e l e c t i o n  b e h a v io u r . I n  th e  p r e s e n t  s tu d y  
* p re y -v a lu e s * , o r  m ore s p e c i f i c a l l y ,  food  o r  t i s s u e - v a l u e s  
(b e c a u s e  i n t a c t  anem ones w ere  n o t u sed  i n  th e  a n a ly s e s ) ,  have 
b e e n  in v e s t ig a t e d  f o r  a  ra n g e  o f  anemone s p e c ie s .  A n a ly s is  o f 
th e  b io c h e m ic a l c o m p o s itio n  o f anemone t i s s u e s  and t h e i r
co n su m p tio n  and a s s i m i l a t i o n  by n u d ib ra n c h s  d id  n o t r e v e a l  any 
m arked i n t e r s p e c i f i c  d i f f e r e n c e s .  S . t r o g l o d y t e s , how ever, i s  
i n d ic a te d  a s  b e in g  somewhat d i f f e r e n t  from  th e  o th e r  s p e c ie s  
s tu d i e d ,  p o s s ib ly  b e in g  a s s i m i l a t e d  m ore e f f i c i e n t l y  and consumed 
a t  a  f a s t e r  r a t e .  T hese f a c t o r s ,  i n  c o n ju n c t io n  w i th  th e  s tro n g  
p r e f e r e n c e s  shown f o r  S . t r o g l o d y t e s  i n  s w itc h in g  e x p e rim e n ts  and 
th e  a p p a re n t  p re p o n d e ra n c e  o f f i e l d  a s s o c i a t i o n s  w ith  t h i s
s p e c i e s ,  do i n d i c a t e  t h a t  S . t r o g lo d y te s  may be a m ore v a lu a b le  
food  ite m  f o r  A .p a p i l l o s a . A n a ly s is  o f  th e  co m p o site  e s t im a te s  
o f  f i t n e s s  (g ro w th  and r e p r o d u c t io n ) ,  how ever, d id  n o t r e v e a l  any 
c o n t r a s t s  i n  p e rfo rm an ce  w hich  c o u ld  be r e l a t e d  to  d i e t .  T h is  
was a lm o s t c e r t a i n l y  a  r e s u l t  o f  th e  m arked v a r i a b i l i t y  i n  th e  
p e rfo rm a n c e  o f  n u d ib ra n c h s  w i t h in  each  d i e t  g roup  o b s c u r in g  any 
d i e t a r y  e f f e c t s  w hich  may h av e  o b ta in e d .
I n  th e  l a t t e r  p a r t  o f t h i s  s tu d y  a s e r i e s  o f b e h a v io u ra l  
e x p e rim e n ts  w ere c o n d u c ted  w hich i n v e s t i g a t e d  s p e c i f i c  a s p e c ts  o f 
p r e y - s e l e c t i o n  b e h a v io u r .  U sing  a  v a r i e t y  o f m u l t ip le - p r e y  
s p e c ie s  c h o ic e  e x p e r im e n ts , d a ta  have b een  c o l l e c t e d  w hich show 
th e  e f f e c t s  o f p re v io u s  d i e t a r y  e x p e r ie n c e  on p r e y - s p e c ie s  
s e l e c t i o n  The r e s u l t s  o f th e s e  e x p e r im e n ts  s u g g e s t  t h a t  a t  l e a s t  
some o f  th e  c o n t r a d i c t i o n s  i n  p re v io u s  r e p o r t s  o f p r e y - s p e c ie s  
p r e f e r e n c e  by A .p a p i l l o s a  may be a c co u n te d  f o r  by " in g e s t i v e  
c o n d i t io n in g " .  " I n g e s t iv e  c o n d i t io n in g "  c o n c e rn s  th e
m o d i f ic a t i o n  o f a  p r e d a t o r 's  b e h a v io u r  such  t h a t  i t  c o n tin u e s  to  
ch o o se  t h a t  p re y  s p e c ie s  w hich  i t  h a s  m ost r e c e n t ly  o r  m ost 
f r e q u e n t ly  e n c o u n te re d . Such a l t e r a t i o n s  o f  p re y  p r e f e r e n c e  may 
e x e r t  c o n s id e r a b le  e f f e c t s  on th e  c o n t r o l  o f l o c a l  anemone p rey  
p o p u la t io n s  and t h e i r  r e l a t i v e  a b u n d a n ce s . A v a r i a n t  o f  t h i s  
e x p e rim e n t was com ple ted  d u r in g  a f i v e  week i n v e s t i g a t i o n  a t  th e  
F r id a y  H arb o r M arine  L a b o r a t o r i e s ,  U n iv e r s i ty  o f W ash ing ton , i n  
th e  summer o f 1982. E x p e r im e n ts  showed t h a t  i n g e s t i v e  
c o n d i t io n in g  o c c u rs  f o r  b o th  U.K. and N.W P a c i f i c  A .p a p i l l o s a . 
H ow ever, th e  m o d if ie d  e x p e r im e n ta l  d e s ig n  used  i n  F r id a y  H arb o r, 
and i n  c o r r o b o r a t iv e  e x p e r im e n ts  i n  S t Andrews, a l s o  i n d i c a t e  
t h a t  t h e r e  i s  a  s i g n i f i c a n t  " c a r r y - o v e r "  e f f e c t  from  th e  p re v io u s  
c o n d i t io n in g  d i e t .
I n  th e  l i g h t  o f th e s e  r e s u l t s  i t  was p r e d ic te d  t h a t  
A .p a p i l l o s a  m igh t e x h i b i t  f re q u e n c y -d e p e n d e n t ( i . e . s w itc h in g )  
p re y  s e l e c t i o n .  E x p e rim en ts  u n d e r ta k e n  to  t e s t  t h i s  h y p o th e s is  
w ere  u n a b le  to  d e m o n s tra te  su ch  b e h a v io u r  due to  p e r s i s t e n t  
p r e f e r e n c e  f o r  one p a r t i c u l a r  p re y  s p e c i e s .
F ie ld  o b s e rv a t io n s  o f  A .p a p i l l o s a - anemone a s s o c i a t i o n s  a r e  
d is c u s s e d  i n  r e l a t i o n  to  th e  l a b o r a to r y  i n v e s t i g a t i o n s .
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P l a t e  1 .
The n u d ib ra n c h  m o llu sc  A e o l id ia  p a p i l l o s a  ( L .)

AIMS OF THE PROJECT
The o b je c t iv e  o f t h i s  t h e s i s  i s  to  d e f in e  and d e s c r ib e  th e  
fu n d am en ta l c h a r a c t e r i s t i c s  o f  th e  r e l a t i o n s h i p s  betw een  A e o l id ia  
p a p i l l o s a  ( L .)  and a  ran g e  o f i t s  anemone p re y  s p e c ie s  and to  
i d e n t i f y  d e te rm in a n ts  o f p r e y - p r e f e r e n c e  b e h a v io u r  i n  t h i s  
n u d ib ra n c h  m o llu s c .
APPROACH
The f i r s t  p a r t  o f t h i s  t h e s i s  i s  d e v o ted  to  an  a s se s sm e n t o f 
th e  n u t r i t i o n a l  v a lu e  o f a  s e l e c t i o n  o f anemone s p e c i e s .  T h is  
was a c h ie v e d  th ro u g h  l a b o r a to r y  i n v e s t i g a t i o n  o f th e  anemone 
t i s s u e s  th e m s e lv e s , w i th  a n a ly s i s  o f th e  b io c h e m ic a l  and 
c a l o r i f i c  c o m p o s itio n , and th ro u g h  o b s e rv a t io n s  on th e  e f f e c t s  o f 
m o n o -s p e c if ic  anemone d i e t s  on th e  g row th  and r e p r o d u c t io n  o f 
n u d ib ra n c h s  m a in ta in e d  i n  th e  l a b o r a to r y .  I n  a d d i t io n ,  an  
a s se s s m e n t o f d i e t - r e l a t e d  co n su m p tio n  and a s s i m i l a t i o n  p a t t e r n s  
have  a ls o  been  u n d e r ta k e n .
L a te r  c h a p te r s  d e s c r ib e  l a b o r a to r y  b e h a v io u ra l  e x p e rim e n ts  
w hich  in v e s t ig a t e d  th e  im p o r ta n c e  o f v a r io u s  f a c t o r s  a s  
d e te rm in a n ts  o f p r e y - s e l e c t i o n  by A .p a p i l l o s a . I n  p a r t i c u l a r ,  
th e  e f f e c t s  o f p re v io u s  d i e t a r y  e x p e r ie n c e  and p re y  r e l a t i v e  
abundances w ere i n v e s t i g a t e d .
Chapter 1 ,
AN INTRODUCTION TO THE NUDIBRANCH MOLLUSC AEOLIDIA PAPILLOSA f L . j
The n u d ib ra n c h  m o llu s c  A e o l id ia  p a p i l l o s a ( L . ) i s  a n  
e x c lu s iv e  p r e d a to r  o f sea-anem ones and may a t t a i n  a  l e n g th  o f up 
to  12cm (a p p ro x  30g damp w e ig h t ) .  T h is  s p e c ie s  i s  g e o g ra p h ic a l ly  
w id e ly  d i s t r i b u t e d  and c a n  be commonly found on N orth  A t l a n t i c  
and N orth  W est P a c i f i c  c o a s t s .  I t  h a s  a l s o  been  re c o rd e d  from  
th e  F a lk la n d  I s l a n d s ,  C h ile  and J a p a n , to  d e p th s  o f a p p ro x im a te ly  
800m (Hunnam & B row n,1 9 7 5 ) . A d e t a i l e d  d e s c r i p t i o n  o f th e  
anatom y of A .p a p i l lo s a  i s  p ro v id e d  by A ld e r  & Hancock (1855 ) and 
E l i o t  (1 9 1 0 ), th e  l a t t e r  a r t i c l e  b e in g  a supp lem en t to  A ld e r  and 
H an co ck 's  s e r i e s  o f m onographs. In  c o n t r a s t  to  a  number o f  o th e r  
n u d ib ra n c h  s p e c ie s  t h e r e  a p p e a rs  t o  be no taxonom ic  c o n fu s io n  
w ith  r e s p e c t  to  A .p a p i l l o s a , a l th o u g h  g ro s s  body c o lo u r a t io n  does 
v a ry  c o n s id e r a b ly ,  p a r t i c u l a r l y  i n  r e l a t i o n  to  d i e t .  D e s p ite  
t h i s  p l a s t i c i t y  o f c o lo u r a t io n  th e r e  a r e  c e r t a i n  c o n s i s t e n t  
p a t t e r n s  o f p ig m e n ta t io n , su ch  a s  a  w h ite  t r i a n g l e  o v e r  th e  head 
and a d a rk  p a tc h  lo c a te d  m id - d o r s a l ly  o v e r th e  p e r ic a rd iu m . 
T hese f e a tu r e s  p e rm it  th e  r e l i a b l e  r e c o g n i t io n  o f p a r t i c u l a r  
i n d i v i d u a l s .
A .p a p i l l o s a  i s  a  s im u lta n e o u s  h e rm a p h ro d ite  and a p p e a rs  to  
have an  a n n u a l l i f e - c y c l e ,  a lth o u g h  th e  p o s s i b i l i t y  rem ain s  t h a t  
t h e r e  may be more th a n  one g e n e r a t io n  p e r  y e a r .  R e p ro d u c tio n  i s  
by means o f a  lo n g - te rm , d i s p e r s i v e ,  p la n k to t r o p h ic  v e l i g e r  l a r v a  
w hich p e rh ap s  r e q u i r e s  s e v e r a l  weeks o r  m onths to  co m p le te  grow th
and developm ent p r i o r  to  m eta m o rp h o s is . Spawn m asses a r e  u s u a l ly  
w h ite  and s p i r a l l y  c o i l e d  w ith  s e c o n d a r i ly  tw is te d  egg s t r i n g s  o f 
Type B ( H u r s t ,1 9 6 7 ) ; e a ch  egg s t r i n g  c o n s i s t s  o f a 
m u co p o ly sa cc h a rid e  tu b e  c o n ta in in g  m u lti-e m b ry o n ic  egg c a p s u le s .  
Egg d ia m e te r  i n  spawn m asses l a i d  d u r in g  t h i s  s tu d y  was 
a p p ro x im a te ly  112 .6  ; i t l . 8 6  s . e .  L a b o ra to ry  o b s e r v a t io n  o f
a n im a ls  c o l l e c t e d  from  R obin  H o o d 's  Bay, N orth  Y o rk s h ir e ,  showed 
spaw ning to  commence i n  M arch and c o n tin u e  th ro u g h  to  J u l y .  Very 
s m a ll  a n im a ls  w e re , how ever, c o l l e c t e d  from th e  S t Andrews Bay 
a r e a  i n  a l l  m onths e x c e p t A p r i l  and Ju n e -S ep tem b er i n c l u s i v e ,  
i n d i c a t i n g  th e  p o s s i b i l i t y  o f a  m ore com plex l i f e - c y c l e .
The v e l i g e r  l a r v a  h a s  a  Type 1 l a r v a l  s h e l l  (Thompson, 1961) 
o r  a  Type B v e l i g e r  s h e l l  (T h o rso n , 1 9 4 6 ). I n  common w ith  a l l  
o p is th o b ra n c h  v e l i g e r s  th e  v i s c e r a l  o r g a n i s a t io n  i s  d e x t r a l  w h ile  
th e  s h e l l  i s  s i n i s t r a l l y  c o i l e d .  C o il in g  o f th e  s h e l l
d i f f e r e n t i a t e s  O p is th o b ra n c h s  from  P ro s o b ra n c h s , b e c au se  th e  
l a t t e r  a r e  alw ays d e x t r a l .  F o r  a  d e ta i l e d  d e s c r i p t i o n  of
developm en t and fe e d in g  i n  l a r v a l  A. p a p i l l o s a  se e  W illia m s
(1 9 8 0 ) .
T here  have b e e n , a s  y e t ,  no p u b lis h e d  a c c o u n ts  o f s u c c e s s f u l  
l a b o r a to r y  c u l t u r e  o f A .p a p i l l o s a  v e l i g e r s  th ro u g h  to
m e tam o rp h o sis . S im i la r ly ,  I  was u n a b le  to  c u l tu r e  A .p a p i l lo s a  
v e l i g e r s  f o r  more th a n  th r e e  weeks ( a t  15°C) a f t e r  t h e i r  r e l e a s e  
from  th e  spawn m ass. G row th, b u t no o n to g e n e t ic  d e v e lo p e m e n t, of 
l a r v a e  was o b se rv e d . C le a r ly  th e  l a r v a  o f A .p a p i l lo s a  r e q u i r e s  
an  e x ten d ed  p e r io d  o f p la n k to n ic  n u t r i t i o n  p r i o r  to  s e t t l e m e n t .
1The s t im u lu s  f o r  m etam o rp h o sis  i s ,  how ever, ( i n  common w ith  many 
o th e r  n u d ib ra n c h  s p e c ie s )  l i k e l y  to  be th e  p re s e n c e  o f th e  l i v e  
a d u l t  d i e t  ( s e e  T o d d ,1981 f o r  r e v ie w ) .
B e h av io u r o f A .p a p i l l o s a , when h a n d lin g  anemone p r e y , h a s  
b een  d e s c r ib e d  p r e v io u s ly  by a number o f a u th o r s  ( e . g . 
R u s s e l l , 1942; H a r r i s , 1973; W a te r s ,1973; Edmunds e t  a l . , 1976; 
H a r r i s  & Howe,1 9 7 9 ). I n  th e  i n i t i a l  e x p lo r a to r y  p h a s e , 
A .p a p i l l o s a  a p p ro a c h e s  a n  anemone w h ile  moving th e  head  from  s id e  
to  s id e ;  th e  o r a l  t e n t a c l e s  a r e  u s u a l ly  ex ten d ed  a n t e r i o r l y .  
D e te c t io n  o f p re y  i s  a p p a r e n t ly  a c h ie v e d  i n  a chem osensory  m anner 
and b o th  th e  o r a l  t e n t a c l e s  and th e  rh in o p h o re s  a r e  im p l ic a te d  i n  
t h i s  b e h a v io u r  ( e .g  Braams & G e e len ,1 9 5 3 ; Sw ennen,1961; 
W o lte r ,1 9 6 7 ; Edmunds e t  a l . , 1 9 7 4 ). T h a t p a r t  o f th e  anemone 
w hich  i s  c o n ta c te d  f i r s t  i s  l a r g e l y  d e p e n d en t upon th e  r e l a t i v e  
s i z e s  o f th e  p r e d a to r  and p r e y . I f  i n i t i a l  c o n ta c t  i s  made w ith  
th e  anemone t e n t a c l e  crow n th o s e  t e n t a c l e s  n e a r e s t  th e  n u d ib ra n c h  
n o rm a lly  c o n t r a c t  a n d /o r  r e t r a c t .  C o n ta c t w ith  th e  anemone 
colum n, how ever, may e l i c i t  a  v a r i a b l e  re sp o n se  d ep end ing  upon 
th e  anemone s p e c ie s  and th e  c irc u m s ta n c e s  o f th e  a t t a c k .  When 
A .p a p i l l o s a  makes c o n ta c t  w i th  th e  colum n o f A c t in ia  e q u in a  
( v a r .  mesembryanthemum) , f o r  exam p le , b o th  th e  colum n and 
t e n t a c l e s  n e a r e s t  th e  n u d ib ra n c h  c o n t r a c t  such  t h a t  th e  colum n 
bends o v e r tow ard  th e  p r e d a t o r .  T h is  i n v a r i a b ly  b r in g s  th e  
anemone t e n t a c l e s  i n to  c o n ta c t  w ith  th e  m o llu sc  c a u s in g  i t  to  
w ith d ra w , a t  l e a s t ,  t e m p o r a r i ly  (Edmunds e t  a l . ,1 9 7 6 ) . By 
c o n t r a s t ,  c o n ta c t  w ith  th e  anemone colum n may ca u se  b u lg in g  a s  a 
r e s u l t  o f  e x a g g e ra te d  r e l a x a t i o n  o f  th e  colum n w a l l ;  t h i s  e f f e c t
may l a s t  f o r  up to  6h f o r  A n th o p le u ra  e le g a n t! s s im a  (B ra n d t)  
( H a r r i s  & Howe,1 9 7 9 ). T h is  b u lg in g  re sp o n se  may r a i s e  th e
t e n t a c l e s  ou t th e  o f r e a c h  o f  th e  n u d ib ra n c h . H a r r i s  & Howe
(1979 ) have shown t h a t  A .p a p i l l o s a  p r e f e r e n t i a l l y  a t t a c k s  th e
t e n t a c l e s  o f A .e le g a n t is s im a  and t h a t  th e  n u d ib ra n c h  may be 
l i f t e d  o f f  th e  s u b s tra tu m  i f  a  t e n t a c l e  i s  g ra sp e d  i n  th e  jaw s 
b e fo r e  b u lg in g  i s  i n i t i a t e d .  By c o n t r a s t ,  M oreteau  (1978 ) has 
i n d ic a te d  t h a t  th e  n e m a to cy s t b e a r in g  t e n t a c l e s  of Anemonia 
v i r i d i s ( - s u l c a t a ) ( L . ) ,  A .e q u in a  and U r t i c i n a ( = T e a l ia ) f e l i n a , 
a r e  av o id ed  i n  p r e f e re n c e  to  th e  colum n and i n t e r n a l  t i s s u e s .
I n i t i a l  c o n ta c t  w i th  th e  anemone i n v a r i a b ly  r e s u l t s  i n  th e
n u d ib ra n c h  r e t r a c t i n g  th e  head  and th e re b y  th e  rh in o p h o re s  and 
o r a l  t e n t a c l e s .  The c e r a t a  a r e  s im u lta n e o u s ly  " b r i s t l e d "  o r  
te m p o r a r i ly  e r e c te d .  T h is  a p p a r e n t ly  d e fe n s iv e  re sp o n se  i s  
n o rm a lly  more p ronounced  sh o u ld  c o n ta c t  be made w ith  th e  
t e n t a c l e s .  F o llo w in g  re s u m p tio n  o f  th e  a t t a c k  th e  anemone t i s s u e  
i s  g ra sp e d  and e x c is e d  by th e  jaw s; th e  r a d u la  th e n  t r a n s p o r t s  
th e  b o lu s  to  th e  o e so p h ag u s . The r a d u la  of A .p a p i l lo s a  c o n s i s t s  
o f  a  s in g l e  row o f b ro ad  d e n t i c u la t e d  t e e t h .
B i t in g  i s  n o rm a lly  r e p e a te d  a t  10-20  s e c  i n t e r v a l s  w ith  
o c c a s io n a l  p a u ses  from  fe e d in g  a c t i v i t y .  These i n t e r r u p t i o n s  
become lo n g e r  a s  f e e d in g  p r o g re s s e s  and som etim es l a s t  s e v e r a l  
h o u r s .  F eed in g  i s  c o n tin u e d  u n t i l  th e  n u d ib ra n c h  i s  s a t i a t e d  o r  
u n t i l  th e  anemone e s c a p e s .
A .p a p i l l o s a , i n  common w ith  o th e r  c o e l e n t e r a t e - e a t in g  
a e o l i d s ,  h a s  th e  a b i l i t y  to  r e - l o c a t e  f u n c t io n a l  p rey  n e m a to cy s ts  
i n  th e  c n id o s a c s  lo c a te d  a t  th e  c e r a t a  t i p s .  The l i t e r a t u r e
r e l a t i n g  to  nem ato cy st a c q u i s i t i o n ,  s to r a g e  and u t i l i z a t i o n  has  
been  e x te n s iv e ly  rev iew ed  by Thompson (1 9 6 0 ) , Edmunds (1 9 6 6 ) , 
S a lv in i-P la w e n  (1 9 7 2 ) , H a r r i s  (1 9 7 3 ) and Todd (1 9 8 1 ) . W ith
s p e c i f i c  r e f e r e n c e  to  th e  s t r u c t u r e  and f u n c t io n  o f th e  c n id o s a c  
i n  A. p a p i l l o s a  K a lk e r  and Schm ekel (1976 ) have n o ted  t h a t  th e  
a rra n g e m e n t o f  n e m a to c y s ts  w i th in  th e  cn id o p h a g e s  i s  
s p e c i e s - s p e c i f i c  and t h a t  th e  n e m a to cy s ts  l i e  p a r a l l e l  to  one
a n o th e r  i n  A .p a p i l l o s a . F u r th e r  r e f e r e n c e  to  A .p a p i l lo s a  i s  made 
by Day & H a r r i s  (1 9 7 8 ) , who o b se rv e d  t h a t ,  f o r  n u d ib ra n c h s  e a t in g  
M etrid iu m  s e n i l e  ( L . ) ,  o n ly  two o f a  p o s s ib le  s ix  n em ato cy st
ty p e s  w ere r e lo c a te d  i n  th e  c n id o s a c s .  S im i la r  p a t t e r n s  o f 
n e m a to cy s t s e l e c t i o n  w ere a l s o  o b se rv e d  f o r  a  number o f o th e r  
a e o l id  n u d ib ra n c h s .
I t  i s  p o s s ib le  t h a t  a  re q u ire m e n t f o r  n e m a to c y s ts , a s  a  
d e fe n s e  a g a in s t  p r e d a t o r s ,  i s  a  d e te rm in a n t  o f  p r e y - s p e c ie s  
s e l e c t i o n  i n  A .p a p i l l o s a . F o r  exam ple, n u d ib ra n c h s  may 
p r e f e r e n t i a l l y  s e l e c t  an  anemone s p e c ie s  i n  w hich n e m a to cy s ts  ( o r  
th e  more v i r u l e n t  a c o n t i a )  a r e  a b u n d a n t, when s to c k s  i n  th e  
c n id o s a c s  a r e  d e p le te d .  Such p o s s i b i l i t i e s  have  n o t ,  how ever, 
b een  in v e s t ig a t e d  i n  t h i s  s tu d y .
Chapter 2 ,
THE ANEMONE PREY
INTRODUCTION.
F o r th e  m a jo r  p a r t  o f t h i s  s tu d y  f i v e  s p e c ie s  o f anemone 
have been  u se d ; S a g a r t i a  t r o g lo d y te s  ( P r i c e ) ,  U r t i c in a  ( - T e a l i a ) 
f e l i n a  ( L . ) ,  A c t in ia  e q u in a  ( L .)  ( v a r .mesembryanthemum) , 
M etrid iu m  s e n i l e  ( L .)  and U r t i c i n a  (= T e a l i a ) eques (G o s s e ) . A l l  
anemones w ere c o l l e c t e d  i n  th e  S t  Andrews Bay a r e a  and a r e  common 
members o f th e  i n t e r t i d a l  o r  s u b l i t t o r a l  com m un ities . T h ree  of 
th e  s p e c ie s  -  S . t r o g l o d y t e s , A .e q u in a , and U . f e l i n a  -  a r e  
p r im a r i ly  i n t e r t i d a l  w h ile  M .s e n i le  and U .eques a r e  e x c lu s iv e ly  
s u b l i t t o r a l .  I n  v iew  o f p re v io u s  o b s e rv a t io n s  t h a t  A .p a p i l lo s a  
re sp o n d s  d i f f e r e n t i a l l y  to  th e  two c o lo u r  m orphs o f A c t in ia  
e q u in a  i t  was d e c id e d  to  t r e a t  th e s e  a s  s e p a r a te  s p e c ie s  
th ro u g h o u t .  In d ee d  H a y lo r  e t  a l  (1 984 ) have r e c e n t ly  su g g e s te d  
t h a t  th e  g re e n  morph o f A .e q u in a , from  th e  I s l e  o f Man, i s  a 
s e p a r a te  s p e c ie s  (p ro p o se d  name: A c t in ia  p r a s in a ) and t h a t  t h i s
m ig h t a l s o  be t r u e  f o r  o th e r  A c t in ia  p o p u la t io n s .  F u l l  
d e s c r i p t i o n s  o f a l l  th e s e  anemones can  be found i n  M anuel
(1 9 8 1 ) .
I n  a d d i t io n  to  s tu d i e s  on B r i t i s h  anemone s p e c ie s  a  f iv e  
week i n v e s t i g a t i o n  was u n d e r ta k e n  a t  F r id a y  H arb o r L a b o r a to r i e s ,  
U n iv e r s i ty  o f W ash ing ton , U .S .A . w ith  N .W .P a c if ic  A .p a p i l lo s a  
and i t s  a s s o c ia te d  anemone p re y . The s p e c ie s  used  i n  th e s e  
e x p e rim e n ts  w ere : A n th o p le u ra  e le g a n t i s s im a  ( B r a n d t) ,  E p i a c t i s
p r o l i f é r a  ( V e r r i l l ) , M etrid iu m  s e n i l e  (L .)  and U r t i c i n a (=T e a l i a ) 
l o f o t e n s i s  ( D a n ie l s o n ) . D e t a i l s  o f th e s e  s p e c ie s  can  be found i n  
Hand (1 9 5 5 ).
S a g a r t i a  t r o g l o d y te s .
S . t r o g lo d y te s  i s  th e  s m a l le s t  anemone i n  t h i s  s tu d y  and 
c o l l e c t e d  specim ens r a r e l y  ex ceed ed  12mm i n  b a s a l  d ia m e te r .  
M anuel (1981) d e s c r ib e s  two v a r i e t i e s  o f S.eLeqoung, v a r .  d e c o ra ta  
and v a r .  o r n a t a . The d e s c r i p t i o n  o f v a r .  o r n a ta  i s  m ost 
f i t t i n g  to  th e  anemones u sed  i n  t h i s  s tu d y ,  a l th o u g h , owing to  
th e  ex trem e v a r i a b i l i t y  i n  v a r .  d e c o ra ta  i t  i s  p o s s ib l e  t h a t  
some o f t h i s  v a r i e t y  w ere u sed  i n  some in s t a n c e s .
Specim ens w ere c o l l e c t e d  from  among m u sse l beds lo c a te d  j u s t  
above M.L.W .S. a t  K in k e l l  B ra e s , E a s t  S ands, S t A ndrew s. The 
m ost f r u i t f u l  c o l l e c t i n g  s i t e  was a d ja c e n t  to  a  sewage o u tf lo w  
w here in d iv id u a l s  w ere ab u n d an t and a c h ie v e d  l a r g e r  s i z e s .  Most 
o f  th e  anemones w ere a t ta c h e d  to  s h e l l s  w i th in  m u sse l clum ps o r  
to  th e  ro ck  s u b s tra tu m  i t s e l f .  Exposed anemones c o u ld  o f t e n  be 
fo u n d , how ever, i n  a r e a s  w here  m u sse ls  had been  washed away 
d u r in g  s to rm s .
A c t in ia  e q u in a  ( v a r .  m esem bryanthem um . )
Most of th e  A .e q u in a  u sed  i n  e x p e rim e n ts  w ere a l s o  c o l l e c t e d  
from  th e  K in k e l l  B raes  s i t e .  Sm all A .e q u in a , o f com parab le  s i z e  
t o  S . t r o g l o d y t e s , w ere common among th e  m u sse ls  b u t l a r g e r  
in d iv id u a l s  (up to  30mm b a s a l  d ia m e te r )  w ere a l s o  common. The 
red  morph o f  A. e q u in a  was much m ore ab u n d an t th a n  th e  g re e n  morph 
and u s u a l ly  e x te n d e d  f u r t h e r  up th e  s h o re .
U r t i c i n a  f e l i n a .
U . f e l i n a , th e  t h i r d  i n t e r t i d a l  anem one, was c o l l e c t e d  from  
b e n e a th  r o c k s ,  i n  t i d e - p o o l s ,  and i n  c r e v ic e s  a t  K in g sb a rn s  
B each , F i f e .  C o l le c te d  specim ens o f t h i s  s p e c ie s  w ere u s u a l ly  
l a r g e r  th a n  e i t h e r  S . t r o g l o d y t e s  o r  A .e q u in a  ( b a s a l  d ia m e te r  up 
to  40mm) and g e n e r a l ly  o c c u rre d  lo w er down th e  s h o re .  I t  was 
o f t e n  d i f f i c u l t  to  o b ta in  s u f f i c i e n t l y  s m a ll in d iv id u a l s  f o r  some 
e x p e r im e n ts  a lth o u g h  s m a l le r  specim ens co u ld  som etim es be found 
a t ta c h e d  to  h o l d f a s t s  o f L a m in a ria  d i g i t a t a  ( L . ) .
A l l  th r e e  i n t e r t i d a l  anemone s p e c ie s  a r e  known to  be 
a c c e p ta b le  d i e t a r y  i te m s  f o r  A .p a p i l l o s a  (W a te r s ,1973; Edmunds 
a J .  ,1 9 7 4 ) and in d iv i d u a l s  w ere  o b se rv e d  i n  a s s o c i a t i o n  w ith  each  
o f th e s e  s p e c ie s  i n  th e  f i e l d .  D uring  th e  s tu d y  p e r io d  a  t o t a l  
o f 59 A .p a p i l lo s a  w ere found  a t  K in k e l l  B raes i n  a s s o c i a t i o n  w ith  
S . t r o g lo d y te s  and A .e q u in a . In  a d d i t i o n ,  f i v e  A .p a p i l lo s a  w ere 
found  a t  K in g s b a rn s , t h r e e  o f w hich w ere a s s o c ia te d  w ith
u . f e l i n a . Most o f th e  n u d ib ra n c h s  used i n  t h i s  s tu d y  w ere , 
how ever, c o l l e c t e d  from  R o b in  H o o d 's  Bay, N o rth  Y o rk s h ir e .  A l l  
o f th e  in d iv id u a l s  c o l l e c t e d  from  t h i s  s i t e  w ere found  in  
a s s o c i a t i o n  w ith  S . t r o g l o d y t e s .
M e trid iu m  s e n i l e
M. s e n i l e  i s  th e  o n ly  s u b l i t t o r a l  anemone t h a t  was c o n s id e re d  
i n  any d e t a i l  i n  t h i s  s tu d y .  Anemones w ere c o l l e c t e d  from  ro ck s
d red g ed  from  th e  F i r t h  o f F o r th .  I n d iv id u a ls  w ere g e n e r a l ly
l a r g e r  th a n  f o r  o th e r  s p e c i e s ,  r e a c h in g  s iz e s  o f up to  100 mm i n  
b a s a l  d ia m e te r .  S m all i n d iv i d u a l s  w ere o b ta in e d  by m a in ta in in g  
l a r g e  in d iv id u a l s  i n  a q u a r ia  w here a s e x u a l  r e p r o d u c t io n ,  by p e d a l 
l a c e r a t i o n ,  som etim es o c c u r r e d .  T h is  b e h a v io u r  c o u ld  be
e n co u rag ed  by m aking s m a ll  i n c i s i o n s  a t  th e  b ase  o f th e  a t ta c h e d  
anem one.
L i t t l e  in fo r m a t io n  i s  a v a i l a b l e  on th e  occuij|Gnce o f M. s e n i l e  
i n  th e  S t Andrews Bay a r e a  a l th o u g h  a p o p u la t io n  h a s  been
re c o rd e d  from  th e  I s l e  o f  May. S in ce  M .s e n ile  i s  a  w id e sp re a d
anemone w hich r e a d i ly  fo rm s d en se  c lo n a l  a g g re g a t io n s ,  l o c a l i s e d
p a tc h e s  a r e ,  p e rh a p s , to  be e x p e c te d .
10
U r t i c i n a  eques
U .e q u e s , th e  o th e r  s u b l i t t o r a l  s p e c i e s ,  was o n ly  u sed  in
p r e l im in a r y  e x p e r im e n ts . I t  was s u b s e q u e n tly  d is c a rd e d  owing to  
d i f f i c u l t i e s  i n  o b ta in in g  s u f f i c i e n t l y  sm a ll  i n d iv id u a l s  f o r  
e x p e r im e n ts .
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BIOCHEMICAL AND CALORIFIC ANALYSIS OF ANEMONE PREY SPECIES.
I t  was e x p e c te d  t h a t  t h i s  ra n g e  o f ( a c c e p ta b le )  p re y  ite m s  
w ould p ro v id e  i n t e r - s p e c i f i c  d i f f e r e n c e s  i n  t h e i r  'v a lu e *  to
A .p a p i l l o s a . Such d i f f e r e n c e s  may sim p ly  be a consequence  o f 
v a r i a t i o n s  i n  t h e i r  b io c h e m ic a l  c o m p o s itio n  o r  th e y  may r e s u l t  
from  a com plex o f b e h a v io u r a l  a n d /o r  e c o lo g ic a l  c h a r a c t e r i s t i c s .  
F o r  exam ple, th e  p a r t i c u l a r  d e fe n s iv e  a d a p ta t io n s  o f a n  anemone 
s p e c ie s  may r e n d e r  i t  e s p e c i a l l y  c o s t l y  to  p re y  upon i n  te rm s o f 
t im e  and e n e rg y , th e re b y  re d u c in g  i t s  V alue*  as  a  food  i te m . The 
e x p e c ta t io n  was t h a t  a  c o m b in a tio n  o f b o th  b io c h e m ic a l and
d e fe n s iv e  f a c t o r s  d e te rm in e s  th e  t r u e  p re y -v a lu e  to  th e
n u d ib ra n c h .
I n  t h i s  s tu d y  p r e y - v a lu e s  w ere  i n v e s t ig a t e d  s o l e l y  i n  te rm s 
o f anemone t i s s u e ;  t h a t  i s ,  from  th e  p o in t  a t  w hich th e
n u d ib ra n c h  h as  overcom e th e  p re y  and a lr e a d y  in c u r r e d  th e  c o s t s  
a s s o c ia te d  w ith  a n  a t t a c k  on a  g iv e n  i n t a c t  anem one. W hile 
rem a in in g  aw are t h a t  e c o lo g ic a l  and b e h a v io u ra l  c h a r a c t e r i s t i c s  
o f  th e  p re y  a r e  l i k e l y  to  be im p o r ta n t  d e te rm in a n ts  o f p re y -v a lu e  
f o r  A .p a p i l l o s a , th e  i n v e s t i g a t i o n  o f  su ch  f a c t o r s  was f e l t  to  be 
o u tw ith  th e  scope o f t h i s  s tu d y .  The p rim ary  re a s o n s  f o r  t h i s  
w ere th e  e x c e e d in g ly  h ig h  l e v e l s  o f r e p l i c a t i o n  t h a t  w ould be 
r e q u i r e d  to  a d e q u a te ly  a c c o u n t f o r  r e l a t i v e  and a b s o lu te  
d i f f e r e n c e s  i n  th e  s i z e  o f p r e d a to r  and p rey  and th e  v a r io u s  
d e fe n s iv e  a d a p ta t io n s  o f anemone s p e c ie s .  I n  a d d i t i o n ,  
c o n s id e r a b le  p rob lem s w ere e n c o u n te re d  i n  o b ta in in g  th e  d e s i r e d
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q u a n t i t i e s  o f s m a ll sp e c im en s . A d i s c u s s io n  o f anemone d e fe n s iv e  
s t r a t e g i e s  can  be found a t  th e  end of t h i s  c h a p te r .
The o b je c t iv e  o f th e  a n a ly s e s  p re s e n te d  h e re  was to  
c h a r a c t e r i s e  anemone t i s s u e s  i n  te rm s o f t h e i r  g ro s s  b io c h e m ic a l 
c o m p o s itio n  and c a l o r i f i c  c o n te n t .  I t  was in te n d e d  t h a t  th e s e  
d a ta  would th e n  a s s i s t  i n  th e  i n t e r p r e t a t i o n  o f th e  r e s u l t s  o f 
o th e r  e x p e rim e n ts  i n  w hich  anemone p re y -v a lu e s  a r e  i n t e r p r e t e d  i n  
te rm s  o f grow th  r a t e  and r e p r o d u c t iv e  o u tp u t .  F o r  exam ple, one 
m ig h t e x p e c t A .p a p i l lo s a  to  e x h ib i t  f a s t e r  g row th  r a t e s  when 
fe e d in g  on an  anemone w ith  a n  u n u s u a l ly  l a r g e  p r o t e i n  com ponent 
o r  w i th  a  h ig h  c a l o r i f i c  v a lu e .
MATERIALS AND METHODS.
F o r th e  p u rp o se  o f th e s e  a n a ly s e s  i t  i s  assum ed t h a t  th e r e  
a r e  o n ly  m inor i n t r a - s p e c i f i c  v a r i a t i o n s  i n  th e  c a l o r i f i c  c o n te n t  
o r  m a jo r  b io c h e m ic a l com ponents o f i n d iv i d u a l s .  I n  o r d e r  to  
m in im ize  such  v a r i a t i o n  t i s s u e  sam ples w ere o b ta in e d  by p o o lin g  
pow dered f r e e z e - d r i e d  t i s s u e  from  f iv e  i n d iv i d u a l s .  M ethods f o r  
t o t a l  p r o t e i n ,  l i p i d  and c a rb o h y d ra te  d e te rm in a t io n s  w ere  ch o sen  
f o r  t h e i r  b ro ad  s e n s i t i v i t y  to  com ponents w i th in  each  c la s s  o f 
compounds and f o r  t h e i r  s u i t a b i l i t y  w ith  th e  q u a n t i t i e s  of 
anemone t i s s u e  a v a i l a b l e .
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T o ta l  P r o te in
P r o te i n  d e te r m in a t io n s  w ere perfo rm ed  c o lo u r im e t r i c a l ly  
u s in g  th e  F o lin -L o w ry  m ethod . F u l l  d e t a i l s  o f t h i s  m ethod can  be 
found i n  Lowry e t  a l .(1 9 5 1  ) ,  b u t  a  b r i e f  o u t l i n e  o f  th e  te c h n iq u e  
w i l l  i l l u s t r a t e  th e  s a l i e n t  f e a t u r e s .  T is su e  sam ples a r e  f i r s t  
d is s o lv e d  i n  O.lM NaOH (0.75m g t i s s u e  ml and th e n  in c u b a te d  
w ith  a c u p r ic  C opper s o l u t i o n .  F o l in - C io c a l te a u  r e a g e n t  i s  th e n  
added and sam ples a r e  in c u b a te d  f o r  a  f u r t h e r  30 m in b e fo re  
a b s o r b t io n  o f th e  b lu e  c o lo u r  i s  m easured  a t  750nm a g a in s t  a 
r e a g e n t  b la n k . P r o t e i n  c o n c e n t r a t io n s  w ere d e te rm in e d  from  a 
c a l i b r a t i o n  c u rv e  u s in g  B ovine Serum Albumen a s  th e  s ta n d a r d .
T o ta l  C a rb o h y d ra te
T o ta l  c a rb o h y d ra te  was d e te rm in e d  a c c o rd in g  to  th e  m ethod of 
D ubois e t  a l . (1 9 5 1 ) . T is s u e  sam p les a r e  h y d ro ly se d  f o r  12h a t
O “ 1105 C i n  0.5M HCl (2mg t i s s u e  ml ) and th e  h y d r o ly s a te s  d r ie d  i n  
vacuo  and re su sp e n d e d  i n  10ml o f d i s t i l l e d  w a te r .  Aqueous 
sam ples a r e  th e n  m ixed w ith  5% P h en o l fo llo w e d  by 96% H^SO^. 
Sam ples a r e  s u b s e q u e n tly  a llo w e d  to  s ta n d  f o r  lOmin b e fo re  b e in g  
in c u b a te d  a t  25°C f o r  a  f u r t h e r  20m in. A b s o rp tio n  o f th e  
y e llo w /o ra n g e  c o lo u r  was m easu red  a t  490nm a g a in s t  a  r e a g e n t  
b la n k .  C a rb o h y d ra te  c o n c e n t r a t io n s  w ere d e te rm in e d  from  a 
c a l i b r a t i o n  cu rv e  u s in g  D -g lu c o se  a s  th e  s ta n d a r d .
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T o ta l  L ip id
L ip id  e x t r a c t i o n  was p e rfo rm ed  by a m o d if ic a t io n  o f th e  
m ethod of B lig h  and D yer (1 9 5 9 ) . I n  t h i s  m ethod l i p i d  i s  
e x t r a c t e d  from  th e  t i s s u e  sam p les w i th  m ix tu re s  o f M ethano l and 
C h lo ro fo rm . The r e s u l t i n g  l i p i d  s o lu t io n s  a r e  th e n  r o ta r y  
e v a p o u ra te d  to  a  s m a ll  volum e and th e  w a te r  was removed u s in g  
100% E th a n o l a s  th e  a z e o t r o p e . L ip id  c o n c e n t r a t io n s  a r e  th e n  
d e te rm in e d  g r a v i m e t r i c a l l y  fo llo w in g  e v a p o u ra t io n  o f th e  s o lv e n t  
on a h e a t in g  b lo c k  a t  30°C u n d e r  a  s tre a m  of N i t ro g e n .
C a l o r i f i c  A n a ly s is
Anemone t i s s u e s  w ere  p re p a re d  f o r  c a lo r im e tr y  by r in s in g  i n  
i s o t o n i c  (0 ,9% ) Ammonium F orm ate  (HC02NH^), to  remove s u r f a c e  
s a l t s ,  and th e n  f r e e z e - d r y in g  (Ammonium Form ate su b lim e s  w ith  
w a te r  i c e ,  when t i s s u e s  a r e  f r e e z e - d r i e d ,  le a v in g  no r e s i d u e ) .  
Dry t i s s u e  was th e n  f i n e l y  pow dered and mixed b e fo r e  b e in g  
p re s s e d  i n t o  p i l l s .  P i l l s  w ere  s to r e d  a t  -20°C  and r e - d r i e d  
when r e q u i r e d .
A l l  c a lo r im e tr y  was p e rfo rm ed  u s in g  a P h i l l i p s o n  Oxygen 
m icro-bom b c a lo r im e te r  c a l i b r a t e d  w ith  b e n z o ic  a c id  s ta n d a rd  
(2 6 4 3 4 .5  J  g“ ^ ) .
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RESULTS.
The r e s u l t s  o f  a l l  a n a ly s e s  a r e  shown i n  T ab le  1, and 
p r e s e n te d  g r a p h i c a l l y  i n  F ig .  1 . I n  a l l  c a se s  p r o t e i n  was th e  
m a jo r  component r a n g in g  from a p p ro x im a te ly  52% of a s h - f r e e  d ry  
w e ig h t  ( g r e e n  A .e q u in a ) to  a p p ro x im a te ly  73% (U . f e l i n a ) . L ip id  
com prised  th e  n e x t  l a r g e s t  f r a c t i o n  f o r  S . t r o g l o d y t e s , M . s e n i l e , 
and U . f e l i n a  a l t h o u g h  th e  d i f f e r e n c e s  betw een  l i p i d  and 
c a rb o h y d r a te  v a lu e s  a r e  s m a l l  (b e tw e e n  2% and 7% r e s p e c t i v e l y ) .  
Red A .e q u in a  c o n ta in e d  a p p ro x im a te ly  e q u a l  p r o p o r t i o n s  o f  b o th  
l i p i d  and c a rb o h y d r a te  ( — 10%) w h i l e  g r e e n  A. e q u in a  was t h e  o n ly  
s p e c i e s  which c o n ta in e d  more c a r b o h y d r a te  t h a n  l i p i d .
I t  c an  be s e e n  (T a b le  2) t h a t  p r o t e i n ,  c a r b o h y d r a te ,  and 
l i p i d  do n o t  a c c o u n t  f o r  a  c o n s t a n t  p r o p o r t i o n  o f  t h e  t o t a l  
t i s s u e  w e ig h t  f o r  each  anemone s p e c i e s .  I n  t h e  c a se  of
S . t r o g l o d y t e s  t h e  a n a l y s i s  a c c o u n te d  f o r  o n ly  68% of t h e  t o t a l  î|
t i s s u e  w e ig h t .  T here  a r e  a  number o f  p o s s i b l e  e x p la n a t i o n s  f o r  j
■It h e s e  d i s c r e p a n c i e s .  M ethods f o r  a s s e s s i n g  t o t a l  p r o t e i n  and I
c a rb o h y d r a te  e x h i b i t  a  b road  s e n s i t i v i t y  to  a  wide ran g e  of 
compounds w i t h i n  t h e i r  r e s p e c t i v e  c l a s s e s .  I t  i s  q u i t e  p o s s i b l e ,  
how ever, t h a t  some p r o t e i n s  o r  c a rb o h y d r a te s  p r e s e n t  i n  s p e c i f i c  
anemone t i s s u e  a r e  n o t  r e a d i l y  d e t e c t e d  by t h e s e  m ethods .  Such 
e f f e c t s  would u n d e r e s t im a t e  t h e  t r u e  c o m p o s i t io n  of  t h e  s a m p le s .
F o r  exam ple, m easurem ent o f  a b s o r p t i o n  a t  490nm f o r  c a rb o h y d r a te  
a n a l y s i s  r e s u l t s  i n  a g r e a t e r  s e n s i t i v i t y  f o r  hexose  o v e r  p e n to s e  
s u g a r s ,  t h e r e b y  u n d e r e s t im a t i n g  th e  l a t t e r .  The p r e s e n c e  of
T a b le  1 . B io ch em ica l  C o m p o s i t io n  o f  Anemone S p e c ie s  ( t l - s . e . )
ANEMONE
AEQR
AEQG
STRO
MSEN
URFE
PROTEIN 
-1
CARBOHYDRATE LIPID
—1 _ _ , —1(ug mg of  O.M) (ug rag of O.M) (ug mg of O.M)
0 .6498  ( t o . 0215) 0 .1 0 1 4  (1 0 .0 0 1 3 )  0 .0917  (1 0 .0 1 0 3 )
0 .5179  (± 0 .0 0 9 1 )  0 .1597  (± 0 .0 0 3 7 )  0 .1294  (+ 0 .0 0 7 6 )
0 .5288  (+ 0 .0 0 1 3 )  0 .0609  (± 0 .0 0 4 4 )  0 .0895  (+ 0 .0 0 7 5 )
0 .6132  (± 0 .0 0 3 9 )  0 .0 7 4 6  (± 0 .0 0 1 6 )  0 .1060  (± 0 .0 0 3 0 )
0.7283  (± 0 .0 0 4 8 )  0 .0872  (± 0 .0052 )  0 .1 5 5 8  (+ 0 .0 0 7 4 )
F o r  P r o t e i n  and C a rb o h y d ra te  a n a ly s e s  n-5 
F o r  L ip id  a n a l y s i s  n=3.
T a b le  2. P e r c e n ta g e  o f  T o t a l  A s h -F re e  Dry W eight Accounted f o r  by 
A n a ly s e s .
AEQR AEQG STRO MSEN URFE
84 .29  8 0 .7 0  67 .29  8 1 .1 8  97 .13
F ig u r e  1 .
The b io c h e m ic a l  c o m p o s i t io n  o f  t h e  anemone s p e c i e s  c a l c u l a t e d  a s
-1a b s o l u t e  v a lu e s  ( a )  (ug mg o f  O.M. x 1 0 0 ) ,  p r o p o r t i o n a l  
v a lu e s  ( b ) ,  and a s  c a l o r i f i c  c o m p o s i t io n  ( c ) ,  c a l c u l a t e d  from th e  
a v e ra g e  c a l o r i f i c  v a lu e s  f o r  p r o t e i n ,  l i p i d  and c a rb o h y d r a te  i n  
i n v e r t e b r a t e  t i s s u e s  ( from  C r i s p , 1 9 7 1 ) .
Ar = A c t i n i a  e q u in a  ( r e d  morph)
Ag = A c t i n i a  e q u in a  ( g r e e n  morph) 
S = S a g a r t i a  t r o g l o d y t e s  
M = M etr id ium  s e n i l e  
U = U r t i c i n a  f e l i n a
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s u b s ta n c e s  w hich i n t e r f e r e  w i th  th e  c o lo u r  r e a c t i o n s  may a l s o  
b i a s  r e s u l t s .  I n  t h e  F o l in -L o w ry  method th e  p r e s e n c e  o f ,  f o r  
exam ple , b u f f e r s ,  c e r t a i n  s u g a r s ,  r e d u c in g  a g e n t s ,  s a l t s  o r  
m e ta l s  may a l l  i n t e r f e r e  w i th  t h e  c o lo u r  r e a c t i o n .  F i n a l l y ,  th e  
c h o ic e  of a  s t a n d a r d  f o r  t h e  c a l i b r a t i o n  cu rve  may a f f e c t  r e s u l t s  
s i n c e  th e  a n a l y s i s  w i l l  te n d  t o  be b ia s e d  tow ard  s i m i l a r  
s u b s ta n c e s  i n  th e  anemone t i s s u e s .  The g r a v i m e t r i c  method f o r  
l i p i d  d e t e r m i n a t i o n s  i s  g e n e r a l l y  more r o b u s t  t h a n  th e  
c o l o u r i m e t r i c  m ethods a l t h o u g h  n o t  a l l  c l a s s e s  o f  l i p i d s  a r e  
e x t r a c t e d  w i th  e q u a l  e a s e  and i t  i s  p o s s i b l e  to  e x t r a c t  o t h e r  
c l a s s e s  of compound.
D e s p i te  th e  p rob lem s a s s o c i a t e d  w i th  methods f o r  a n a ly s in g  
such  b road  c l a s s e s  o f  compound, on a c o m p a ra t iv e  b a s i s ,  t h e  
r e s u l t s  do no t  i n d i c a t e  any marked d i f f e r e n c e s  i n  t h e  g r o s s  
b io c h e m ic a l  c o m p o s i t io n  o f  t h e  anemone s p e c i e s  ( s e e  p r o p o r t i o n a l  
c o m p o s i t io n  d a t a  p r e s e n t e d  i n  F i g .  1 ( b ) ) .
T ab le  3 shows th e  c a l o r i f i c  v a lu e s  f o r  each  s p e c i e s ,  which
4 “ 1ranged  from betw een  1 .859  x 10 J  g a s h - f r e e  " c o r r e c t e d ” d ry
4 -1w e ig h t  f o r  S . t r o g l o d y t e s  to  2 .3 6 8  x  10 g a s h - f r e e  " c o r r e c t e d ”
d ry  w e ig h t  f o r  red  A. e q u i n a . The c o r r e c t i o n  i s  f o r  th e
en d o th e rm ie  c o n v e r s io n  o f  CaCOg t o  CaCO + COg, w hich
-1t h e o r e t i c a l l y  may a c c o u n t  f o r  a  *loss* o f  1 .799  J  mg 
( P a i n e , 1971 ) .
T a b le  3 . R e s u l t s  o f  M in e ra l  Ash and C a l o r i f i c  D e te rm in a t io n s  (±1 s . e . ) •
M in e ra l  Ash 
(% o f  Dry Wgt)
J  X 10^ g  ^
Dry W eight
J  X 10^ g"^ 
A sh -F ree  
Dry W eight
4 -1  J  X 10* g ^
A sh -F ree  Dry
W g t" c o r r e c te d
AEQR 10 .506  = 0 .1 5 8 2 .0 9 9  = 0 .0 2 0 2 .347  = 0 .022 2 .3 6 8  t 0 .0 2 2
AEQG 10.694 :  0 .038 2 .0 7 3  - 0 . 0 1 2 2 . 3 2 1 1 0 .0 1 3 2 .3 4 3  i  0 .0 1 3
STRO 8 . 8 5 2 :  0 .143 1 .6 8 0  t o . 016 1 .842  i  0 .018 1 .8 5 9 =  0 .0 1 8
MSEN 13 .326  i O . 124 2 .0 1 4  = 0 .0 0 8 2 .3 2 4  t 0 .009 2 . 3 5 1 t  0 .0 0 9
URFE 1 0 .6 2 4 =  0 .059 1 .8 8 9  t  0 .0 1 5 2 .1 1 2  = 0 .0 1 7 2 .1 3 3 = 0 .0 1 7
F o r  a l l c a s e s  n=7 e x c e p t f o r  STRO w here n -5 .
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I n  a d d i t i o n  to  t h e  a b s o l u t e  and r e l a t i v e  c o m p o s i t io n  of th e  
anemone s p e c i e s ,  F i g .  1 ( c )  a l s o  shows th e  c a l o r i f i c  c o n t r i b u t i o n  
o f  th e  t h r e e  b io c h e m ic a l  com ponents . These d a t a  were c a l c u l a t e d  
from a v e ra g e  c a l o r i f i c  v a l u e s  f o r  p r o t e i n s ,  l i p i d s  and 
c a r b o h y d r a te s  f o r  a  ra n g e  o f  i n v e r t e b r a t e  t i s s u e s  ( C r i s p , 197 1 ) .  
The f i g u r e  d e m o n s t r a te s  t h e  h ig h  c a l o r i f i c  c o n t r i b u t i o n  of 
p r o t e i n ,  and e s p e c i a l l y  l i p i d ,  i n  c o n t r a s t  t o  c a r b o h y d r a te .
DISCUSSION.
On a  p r o p o r t i o n a l  b a s i s  t h e  b io c h e m ic a l  a n a ly s e s  do n o t
i n d i c a t e  any marked d i f f e r e n c e s  be tw een  th e  anemone p re y
s p e c i e s .  The h i s to g r a m s  o f  a b s o l u t e  b io c h e m ic a l  c o m p o s i t io n  do ,
how ever, show a p p a r e n t  d i f f e r e n c e s  be tw een , f o r  exam ple, U . f e l i n a
and S . t r o g l o d y t e s . N e v e r t h e l e s s , i t  s h o u ld  be em phasised  t h a t  a
g r e a t e r  component o f  d ry  t i s s u e  w e ig h t  was a c c o u n te d  f o r  i n
U . f e l i n a . C o n s i d e r a t i o n  o f  t h e  c a l o r i f i c  c o n v e r s io n s  ( F ig .
1 ( c ) )  from th e  b io c h e m ic a l  a n a l y s i s  compared w i t h  t h e
m i c r o - c a l o r i m e t r i c  d e t e r m i n a t i o n s  (T a b le  3 )  shows v a lu e s
4 -1d i f f e r i n g  by o n ly  0 .2 5  -  0 .3 7  x 10 J  g f o r  each  s p e c i e s .  I t  
i s  c o n c lu d e d ,  t h e r e f o r e ,  t h a t  t h e s e  a n a ly s e s  c o r r o b o r a t e  one 
a n o th e r  and n e i t h e r  p r o v id e s  s u p p o r t i v e  e v id e n c e  f o r  marked 
d i f f e r e n c e s  i n  b io c h e m ic a l  p re y  v a lu e s  o f  any s p e c i e s  to  
A . p a p i l l o s a . D i f f e r e n c e s  i n  t i s s u e  v a lu e s  ( i . e . a f t e r  p rey  
d e f e n s e s  have  b e e n  overcom e) may, how ever, r e s u l t  from 
s p e c i e s - s p e c i f i c  d i f f e r e n c e s  i n  a s s i m i l a t i o n  e f f i c i e n c y  a n d /o r
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r a t e  o f  consum ption  by th e  n u d ib ra n c h .  (These p o s s i b i l i t i e s  a r e  
c o n s id e r e d  i n  C h a p te r  4 ) .  I n  a d d i t i o n ,  p re y  v a lu e s  may d i f f e r  as  
a  r e s u l t  o f  q u a l i t a t i v e  a n d / o r  q u a n t i t a t i v e  d i f f e r e n c e s  i n  
s p e c i f i c  n u t r i t i o n a l  components ( e . g . e s s e n t i a l  amino a c i d s ,  
t r a c e  e le m e n ts ,  v i t a m i n s ,  e t c . ) .  Such f a c t o r s  a r e  i n d i c a t e d  a s  
b e in g  im p o r ta n t  i n  t h e  c a s e  o f  t h e  w o lf  s p i d e r  P a rd o sa  ram ulosa  
(McCook) which h a s  been  shown to  p rey  upon t h r e e  s p e c i e s  i n  
p r o p o r t i o n s  w hich o p t im is e  t h e  p r o p o r t i o n s  o f  e s s e n t i a l  amino 
a c i d s  i n  th e  d i e t  ( G r e e n s t o n e ,1 9 7 9 ) .  The p r e s e n t  s tu d y  does  no t  
e x te n d  to  th e  i n c l u s i o n  o f  such  s p e c i a l c  com ponents.
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DEFENSIVE STRATEGIES OF ANEMONE SPECIES.
A wide v a r i e t y  o f  s t r a t e g i e s ,  w hich a c t  to  d e t e r  p r e d a to r y  
a t t a c k s  by A . p a p i l l o s a  c a n  be o b se rv e d  among th e  anemone 
s p e c i e s .  These s t r a t e g i e s  c a n  be c o n s id e r e d  a s  d i v i s i b l e  i n t o  
two c a t e g o r i e s :  n o t a b l y ,  i )  d e f e n s i v e  f e a t u r e s  a s s o c i a t e d  w i th
t h e  h a b i t a t  i n  w hich t h e  anemone o c c u r s ,  and i i )  s p e c i e s - s p e c i f i c  
d e f e n s e  and e sca p e  r e s o n s e s  w hich  a r e  e l i c i t e d  when e n c o u n te re d  
by a n u d ib ra n c h .  The fo rm e r  c l a s s  o f  s t r a t e g y ,  and i t s  
e f f e c t i v e n e s s  i n  d e t e r r i n g  A . p a p i l l o s a  p r e d a t i o n ,  h a s  been  
c o n s id e r e d  f o r  a  r an g e  o f  anemone s p e c i e s  by W aters  (1973)  and 
Edmunds e t  a l . ( 1 9 7 6 ) .  B o th  s t u d i e s  d e m o n s t ra te d  
s p e c i e s - s p e c i f i c  d e f e n s i v e  and e s c a p e  b e h a v io u r  i n  r e s p o n s e  to  
A . p a p i l l o s a  a t t a c k .  A summary o f  t h e  d a t a  o f  Edmunds e t  a l . 
(1 9 7 6 )  i s  p r e s e n t e d  i n  T a b le  4 .
The d e f e n s iv e  s t r a t e g y  o f  e a ch  anemone s p e c i e s  c a n  be 
c o n s id e r e d  a s  a  'c o s t*  t o  A . p a p i l l o s a , s i n c e  t im e  and e n e rg y  m ust 
be  s p e n t  i n  overcom ing t h e  c h o se n  p r e y .  T h is  'c o s t*  c an  be 
c o n s id e r e d  as  b e in g  l a r g e l y  a n a la g o u s  to  th e  c o n c ep t  o f 'h a n d l i n g  
time* t h a t  h a s  been  advanced  i n  many o p t im a l  f o ra g in g  m odels  ( f o r  
rev ie w s  s e e ,  f o r  exam ple , Pyke e t  a l . ,1977 ; and H u g h es ,1 9 8 0 ) .  I t  
i s  r e a s o n a b le  to  s u g g e s t  t h a t  v a r i a t i o n s  i n  th e  d e f e n s iv e  
s t r a t e g y  o f  p a r t i c u l a r  anemone s p e c i e s ,  and th u s  i n  'co s t*  
th ro u g h  h a n d l in g  t im e  f o r  A . p a p i l l o s a , w i l l  be a n  im p o r ta n t  
d e te r m in a n t  o f  p re y  c h o ic e  i n  th e  n u d ib ra n c h .  As d i s c u s s e d  
p r e v i o u s l y ,  how ever, a n  i n t e r p r e t a b l e  q u a n t i t a t i v e  d e t e r m i n a t i o n
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of  such  'c o s ts*  -  as e x e m p l i f i e d  by h a n d l in g  t im es  and a t t a c k  
s u c c e s s  -  would be m ost d i f f i c u l t  to  a c h ie v e .  L i t t l e  can
p r e s e n t l y  be added to  t h e  r e p o r t s  o f  W aters  (1 9 7 3 ) ,  and Edmunds 
e t  a l . (1 9 7 6 ) ,  a l t h o u g h  one o b s e r v a t i o n  does i n d i c a t e  t h a t  t h e r e  
may be a  m arked ly  g r e a t e r  r i s k  f o r  j u v e n i l e  A .p a p i l l o s a  a t t a c k i n g  
M . s e n i l e . I n  June  1981 one n u d ib ra n c h  ( —2g damp w t)  became 
t a n g le d  i n  th e  n e m a to c y s t - b e a r in g  m e s e n te r i c  f i l a m e n t s  from a 
p i e c e  o f  M .s e n i l e  t h a t  was p ro v id e d  a s  fo o d .  The n u d ib ra n c h  was 
u n a b le  to  d i s e n t a n g l e  i t s e l f  from th e  a c o n t i a  and d ie d  t h r e e  days 
l a t e r .  By c o n t r a s t ,  a n o t h e r  n u d ib ra n c h  ( —lOg damp w t)  which 
became s i m i l a r l y  e n t a n g l e d ,  s u c c e s f u l l y  s loughed  o f f  t h e  a c o n t i a  
and mucus w i t h i n  24h . I t  i s  t o  be ex p e c te d  t h a t  a c o n t i a n  
anemones, w hich  a p p e a r  t o  p o s s e s s  more v i r u l e n t  n e m a to c y s ts  t h a n  
t h e i r  a c t i n i a n  c o u n t e r p a r t s ,  w i l l  pose more o f  a  t h r e a t  to  
j u v e n i l e  A . p a p i l l o s a , w hich  choose  t o  p re y  upon them.
P e r s o n a l  o b s e r v a t io n s  o f  t h e  d e f e n s i v e  s t r a t e g i e s  o f  th e  
anemones i n  t h i s  s tu d y  a r e  i n  g e n e r a l  ag reem en t w i t h  t h o s e  of  
Edmunds e t  a l . ( 1 9 7 6 ) ,  p a r t i c u l a r l y  w i th  r e g a r d  to  th e  
d i f f i c u l t y  A .p a p i l l o s a  e n c o u n te r s  i n  a t t a c k i n g  i n f l a t e d  and 
d e ta c h e d  A .e q u in a . R esponses  d i f f e r ,  how ever, be tw een  s p e c i e s .  
F o r  exam ple , A .e q u in a  o f t e n  i n f l a t e s  and d e ta c h e s  i n  r e s p o n s e  to  
a n  a t t a c k ,  w h i le  U . f e l i n a  w i l l  i n f l a t e  b u t  r a r e l y  d e t a c h .
The r e l a t i v e  s i z e  o f  b o th  p r e d a t o r  and p re y  may a l s o  a f f e c t  
t h e  n a tu r e  o f  p re y  r e s p o n s e s  and t h e i r  e f f e c t i v e n e s s  a s  a 
d e t e r e n t  t o  A . p a p i l l o s a . W hile  s m a l l  n u d ib ra n c h s ,  i n  th e m s e lv e s ,  
a r e  u n l i k e l y  t o  pose  a  t h r e a t  to  l a r g e  anemones t h e  damage
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i n c u r r e d  i n  such  a t t a c k s  may he s u f f i c i e n t  t o  a t t r a c t  o t h e r  
a e o l i d s ,  th e r e b y  i n c r e a s i n g  th e  p r o b a b i l i t y  t h a t  th e  anemone w i l l  
be k i l l e d .
The e f f e c t  o f  anemone h a b i t a t  on  n u d ib ra n c h  p r e d a t i o n  i s  
e s p e c i a l l y  d i f f i c u l t  t o  a s s e s s .  I t  i s  to  be e x p e c te d  t h a t  
s p e c i f i c  anemone h a b i t a t  c h o ic e  i s  p r i m a r i l y  t h e  r e s u l t  o f  such  
f a c t o r s  a s  th e  e n v i r o n m e n ta l  t o l e r a n c e  and f e e d in g  
c h a r a c t e r i s t i c s  of t h e i r  s p e c i e s ,  r a t h e r  t h a n  e f f e c t i v e n e s s  i n  
d e t e r r i n g  A .p a p i l l o s a  p r e d a t i o n .  T h is  does n e t , how ever, 
p r e c lu d e  th e  p o s s i b i l i t y  t h a t  h a b i t a t  p r e f e r e n c e s  have  a  b e a r in g  
on th e  d e fe n s e  of  anemone s p e c i e s .  One would e x p e c t  t h a t  d e fe n s e  
and e sca p e  b e h a v io u r  would e v o lv e  t o  i n c o r p o r a t e  t h e  c o n s t r a i n t s  
o r  a d v a n ta g e s  o f  h a b i t a t  p r e f e r e n c e  t o  form a n  e f f e c t i v e  d e fe n s e  
s t r a t e g y .  I t  may be more d i f f i c u l t ,  f o r  exam ple, f o r  A . p a p i l l o s a  
t o  overcome S. t r o g l o d y t e s , w h ich  i s  o f t e n  b u r ie d  among m u sse ls  
and se d im e n t ,  t h a n  t o  overcome A .e q u in a  which may be s y m p a t r ic  
b u t  n e v e r  b u r i e s .  Such f a c t o r s  may be o f f s e t ,  how ever, by th e  
f a c t  t h a t  A .e q u in a , u n l i k e  S . t r o g l o d y t e s , r e a d i l y  i n f l a t e s  and 
d e ta c h e s  t o  e sca p e  p r e d a t i o n .  Detachm ent may, how ever, i n c u r  
c o n s id e r a b l e  r i s k  f o r  a n  anemone; i n  th e  h ig h  e n e rg y  e n v iro n m en t  
o f  th e  i n t e r t i d a l  r e - a t t a c h m e n t  i n  a  s u i t a b l e  l o c a t i o n  may n o t  be 
p o s s i b l e .  D e s p i te  t h i s ,  i t  i s  l i k e l y  t h a t  th e  r i s k s  a s s o c i a t e d  
w i t h  de tachm en t a r e  ou tw e ighed  by a h ig h  p r o b a b i l i t y  o f  d e a th  i n  
a  c o n f r o n t a t i o n  w i th  A . p a p i l l o s a .
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U . f e l i n a  p r o v id e s  a  f u r t h e r  example o f  how h a b i t a t  may 
p r o v id e  a t  l e a s t  p a r t i a l  p r o t e c t i o n  from p r e d a t i o n .  T h is  s p e c i e s  
i s  n o rm a l ly  found i n  ro c k  p o o l s  and c r e v i c e s  i n  th e  low er  
i n t e r t i d a l  and i s  o f t e n  p r e v a l e n t  i n  a r e a s  where c o a r s e  s h e l l  
g r a v e l  a c c u m u la te s .  F ragm en ts  of s h e l l  g r a v e l  a r e  o f t e n
a d h e r e n t ,  on e p id e rm a l  c i n c l i d e s ,  t o  most o f  t h e  s u r f a c e  o f  t h e  
anemone column. T h is  u n d o u b te d ly  p r e s e n t s  a  c o n s id e r a b l e  
o b s t a c l e  f o r  A . p a p i l l o s a , and i t  i s  p o s s i b l e  t h a t  f o r  some 
c o n t r a c t e d  anemones th e  s h e l l  l a y e r  may c o n f e r  com p le te
p r o t e c t i o n .
One f u r t h e r  d e f e n s i v e  a d a p t a t i o n  has  been  d e m o n s t ra te d  f o r  
t h e  N o r th  A m erican anemone A n th o p le u ra  e l e g a n t i s s i m a . T h is  
s p e c i e s  u t i l i s e s  a n  'a la rm  pheromone* which i s  r e l e a s e d  from 
n u d ib ran c h s  which have  r e c e n t l y  p re y e d  upon t h i s  anemone. Alarm 
re s p o n s e s  may be e l i c i t e d  i n  o th e r  n o n s p e c i f i c  anemones 
a p p ro ach ed  by th e  n u d ib ra n c h  f o r  up to  f i v e  days a f t e r  a  m eal
( H a r r i s , 1976; Howe & H a r r i s , 1978; H a r r i s  & Howe,1 979 ) .
Such d e f e n s i v e  a d a p t a t i o n s  d i s p l a y e d  by th e  anemone s p e c i e s  
a r e  c e r t a i n  to  be im p o r ta n t  d e te r m i n a n t s  o f  p r e d a t o r y  b e h a v io u r  
i n  A . p a p i l l o s a . The e v o l u t i o n  o f  such  a d a p t a t i o n s  h a s  r e s u l t e d  
i n  a complex ran g e  o f  i n t e r a c t i o n s  w hich w i l l  r e q u i r e  e x t e n s i v e  
s tu d y  b e f o r e  t h e i r  e f f e c t s  on th e  f i t n e s s  of  A .p a p i l l o s a  c a n  be 
d e te r m in e d .  Some p r o g r e s s  h a s  b e e n  made i n  t h i s  r e g a r d  f o r  
C a l i f o r n i a n  A . p a p i l l o s a . I n  i n v e s t i g a t i n g  th e  p rey  a s s o c i a t i o n s  
o f  t h e  n u d ib ra n c h  H a r r i s  & Howe (1979)  u n d e r to o k  a v a r i e t y  of
e x p e r im e n ta l  a p p ro a c h e s  i n  o r d e r  t o  e x p l a i n  th e  p rep o n d e ra n c e  of  
f i e l d  a s s o c i a t i o n s  b e tw een  A .p a p i l l o s a  and th e  c lo n in g  
s u b l i t t o r a l  anemone M. s e n i l e . ( A .e l e g a n t i s s i m a  had been
i n d i c a t e d  as  b e in g  th e  p r e f e r r e d  p re y  i n  s e v e r a l  s t u d i e s  
( H a r r i s , 1976; Howe & H a r r i s , 1978; H a r r i s  & Howe,197 9 ) .  T h e i r  
c o n c lu s io n s  c a n  be summarised by s t a t i n g  t h a t  A . p a p i l l o s a  a p p e a rs  
t o  be e v o lv in g  to  s p e c i a l i z e  on M .s e n i l e  s in c e  th e  b e h a v io u r a l ,  
c h e m ica l  (n e m a to c y s t  and 'a la rm  pheromone*) and d i s t r i b u t i o n a l  
d e fe n c e s  o f  t h e  p r e f e r r e d  i t e m ,  A . e l e g a n t i s s i m a , a r e  s u f f i c i e n t  
t o  e x e r t  a  s t r o n g  n e g a t iv e  s e l e c t i o n  p r e s s u r e  on a s s o c i a t e d  
A . p a p i l l o s a ; i . e . l a r v a e  s e t t l i n g  on A .e l e g a n t i s s i m a  seldom 
a t t a i n  m a t u r i t y  and r e p r o d u c e ,  and a s  such a r e  o f  low o r  
n e g l i g i b l e  f i t n e s s  i n  c o n t r a s t  t o  M .s e n i l e  a s s o c i a t e s .  F u r t h e r  
s t u d i e s  o f  t h i s  k in d  a r e  r e q u i r e d  b e f o r e  r e l i a b l e  c o n c lu s io n s  c a n  
b e  drawn abou t  t h i s  a s p e c t  o f  p r e d a t o r - p r e y  i n t e r a c t i o n s  f o r  
E u ro p e an  A . p a p i l l o s a .
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Chapter 3 .
THE EFFECTS OF ANEMONE DIET ON GROWTH AND REPRODUCTION 
IN AEOLIDIA PAPILLOSA ( L . )
INTRODUCTION.
I n  th e  a b se n c e  o f  d a t a  on th e  numbers o f  i n d i v i d u a l s  which 
s u r v i v e  t o  r e p r o d u c t i o n  i n  t h e  f o l lo w in g  g e n e r a t i o n ,  p e rh a p s  t h e  
b e s t  m easure  o f  i n c l u s i v e  f i t n e s s  i s  i n  te rm s o f  t h e  g row th  and 
r e p r o d u c t i v e  o u tp u t  o f  a n  i n d i v i d u a l  o v e r  i t s  e n t i r e  
l i f e - c y c l e .  I n t u i t i v e l y ,  one would e x p e c t  food q u a l i t y  t o  a f f e c t  
g row th  and a l s o  r e p r o d u c t i v e  o u t p u t :  th e  l a t t e r  g e n e r a l l y
i n c r e a s e s  w i th  body s i z e  (Todd & H avenhand,1 9 8 3 ) .  The o b j e c t i v e  
o f  t h e  o b s e r v a t io n s  d e s c r i b e d  i n  t h i s  c h a p te r  i s  t o  d e te rm in e  th e  
e f f e c t s  o f  m o n o - s p e c i f i c  anemone d i e t s  on t h e s e  m easu res  of  
f i t n e s s ,  t h e r e b y  p r o v id i n g  a  t e s t  f o r  d i f f e r e n c e s  i n  p r e y - v a lu e  
a t  i t s  most fu n d am e n ta l  l e v e l .
A r e l a t i o n s h i p  be tw een  food  q u a l i t y  and grow th  i s ,  p e rh a p s ,  
u n s u r p r i s i n g  b u t  h a s  n e v e r t h e l e s s  b e e n  d e m o n s t ra te d  i n  m o l lu s c s  
by L e ig h to n  & B o o lo o t ia n  ( 1 9 6 3 ) ,  f o r  a  p ro so b ra n c h ,  and by b o th  
C hia  & S k ee l  (1973) and Bloom (1974 )  f o r  o p i s t h o b ra n c h s ;  a l l  of 
t h e s e  s t u d i e s  showed a n  i n c r e a s e d  g row th  r a t e  f o r  m o l lu s c s  which 
w ere  fed  to  e x c e s s  on t h e i r  p r e f e r r e d  fo o d .  A p o s i t i v e  
r e l a t i o n s h i p  be tw een  body s i z e  and r e p r o d u c t i v e  o u tp u t  h as  been  
c l e a r l y  d e m o n s t ra te d  f o r  a  number o f  n u d ib ra n c h  s p e c i e s  (Todd &
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H avenhand,1983) and , a l t h o u g h  egg p r o d u c t i o n  i s ,  p e r h a p s ,  a  more 
d i r e c t  m easure  o f  i n c l u s i v e  f i t n e s s  th a n  g row th , t h e  l a t t e r  may 
be an  im p o r ta n t  f i t n e s s  p a r a m e te r .  T h is  may be th e  c a se  i f ,  f o r  
exam ple , t h e  e x p e c t a t i o n  o f  s u r v i v a l  u n d e r  u n f a v o u r a b le  f i e l d  
c o n d i t i o n s  i s  p o s i t i v e l y  c o r r e l a t e d  w i th  body s i z e .  Growth and 
r e p r o d u c t i o n  m u st ,  t h e r e f o r e ,  be  c o n s id e re d  t o g e t h e r  i f  a 
r e a l i s t i c  e s t i m a t e  o f  i n c l u s i v e  f i t n e s s  i s  t o  be o b t a i n e d .
L a b o r a to ry  s t u d i e s  o f  g row th  i n  o p i s th o b r a n c h s  have  been  
r e p o r t e d  by a  number of  a u t h o r s  ( P a i n e , 1965; G a re fo o t ,1 9 6 7 ;  
H o l lem a n ,1 9 7 2 ; C hia  & S k e e l , 1973; B loom ,1974; Todd,1979b) and a 
more g e n e r a l  a c c o u n t  o f  g ro w th  i n  th e  M ollu sca  i s  p ro v id e d  by 
W ilb u r  & Owen (1 9 6 4 ) .  Of t h e s e ,  t h e  s t u d i e s  of P a in e  (1965) and 
C a r e fo o t  (1967) s p e c i f i c a l l y  r e l a t e  g row th  to  th e  n u t r i t i o n a l  
c h a r a c t e r i s t i c s  o f  th e  f o o d .  F i e l d  e s t i m a t e s  o f  o p i s th o b r a n c h  
grow th  r a t e s  i n c l u d e  th o s e  o f  M i l l e r  (1 9 6 2 ) ,  P a in e  ( 1 9 6 5 ) ,  P o t t s  
( 1 9 7 0 ) ,  and Todd (1 9 7 9 b ) .
The i n t e r p r e t a t i o n  o f  f i e l d  m easurem ents  o f  g row th  i n  a  
r e a l i s t i c  e c o l o g i c a l  c o n te x t  i s  u n d o u b te d ly  e a s i e r  t h a n  f o r  d a ta  
c o l l e c t e d  i n  t h e  l a b o r a t o r y .  I n  t h e  p r e s e n t  c o n t e x t ,  how ever, 
th e  i n t e r e s t  i n  g row th  r a t e s  l i e s  p r i m a r i l y  i n  th e  d e t e c t i o n  of 
d i f f e r e n t i a l  g row th  r e s p o n s e s  i n  r e l a t i o n  to  food  ty p e ;  
l a b o r a t o r y  e s t i m a t e s  o f  g row th  a r e ,  t h e r e f o r e ,  more a p p r o p r i a t e .
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R e p ro d u c t iv e  e f f o r t  i n  o p i s th o b r a n c h s  i s  a s u b j e c t  a r e a  o f  
growing i n t e r e s t ,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  l i f e - h i s t o r y  
s t r a t e g i e s .  Thus f a r ,  p u b l i s h e d  d a t a  a r e  a v a i l a b l e  f o r  on ly  f o u r  
s p e c i e s :  Todd & Havenhand (1983 )  p r o v id e  a v a l u a b l e  summary of
t h e s e  d a t a  and d i s c u s s  th e  d e f i n i t i o n  and m easurem ent of 
r e p r o d u c t i v e  e f f o r t  a lo n g  w i th  i t s  i n t e r p r e t a t i o n ,  p a r t i c u l a r l y  
i n  r e l a t i o n  to  g a s t r o p o d  l i f e - h i s t o r y  s t r a t e g i e s .  I n  t h e  p r e s e n t  
c o n t e x t ,  b o th  r e p r o d u c t i v e  o u tp u t  ( t o t a l  egg p r o d u c t io n )  and
r e p r o d u c t i v e  e f f o r t  ( e n e r g y  a l l o c a t e d  to  r e p r o d u c t i o n / e n e r g y  
a l l o c a t e d  to  s o m a t ic  g row th )  a r e  c o n s id e r e d  i n  r e l a t i o n  to
anemone d i e t .
I n  t h i s  a n a l y s i s  t h e  e f f e c t s  o f  anemone d e f e n s i v e  r e s p o n s e s  
on p r e y - v a lu e  to  A . p a p i l l o s a  have  n o t  been  c o n s id e r e d :  i . e .
p r e y - v a lu e s  a r e  a s s e s s e d  from th e  p o i n t  a t  which anemone d e fe n c e s  
a r e  assumed t o  have  b e e n  overcom e. The o b s e r v a t io n s  r e p r e s e n t ,  
t h e r e f o r e ,  a n  a n a l y s i s  o f  p r e y - v a l u e s  i n  te rm s o f  t h e i r  p h y s i c a l  
and b io c h e m ic a l  c h a r a c t e r i s t i c s .  Such a n  a n a l y s i s  i s  a n  
e s s e n t i a l  p r e r e q u i s i t e  t o  q u a n t i t a t i v e  i n v e s t i g a t i o n s  o f  anemone
d e f e n s i v e  r e s p o n s e s  a s  d e t e r m i n a n t s  of  p r e y - v a lu e ,  and t h u s ,
p r e y - c h o ic e  i n  A . p a p i l l o s a .
MATERIALS AND METHODS.
Both grow th  and r e p r o d u c t i v e  o u tp u t  o f  i n d i v i d u a l s  were m o n ito re d  
th ro u g h o u t  most o f  t h e  l i f e - c y c l e ,  from November 1982 t o  J u l y
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1983. Data a r e ,  how ever, l a c k i n g  f o r  th e  f i r s t  few weeks of 
b e n t h i c  l i f e  p r i o r  t o  c o l l e c t i o n  from th e  f i e l d .
A t o t a l  of 39 j u v e n i l e  n u d ib ra n c h s  were c o l l e c t e d  from R obin  
H ood 's  Bay, N o r th  Y o r k s h i r e  i n  e a r l y  O ctober  1982 and were 
d i v id e d  be tw een  s i x  d i e t  t r e a t m e n t s .  A f u r t h e r  n in e  j u v e n i l e s  
w ere  c o l l e c t e d  from E a s t  S an d s ,  S t  Andrews, one month l a t e r  and 
w ere  i n c lu d e d  i n  th e  a n a l y s i s  t o  p ro v id e  a t o t a l  o f  e i g h t  
n u d ib ra n c h s  p e r  t r e a t m e n t .  The w e ig h ts  o f  n u d ib ra n c h s  on 
c o l l e c t i o n  ranged  from 0 .0 0 6 g  to  0 .3 3 0 g  (mean = 0 .0 9 6 7 -0 .0 1 1 9  
s . e . )  and a l l o c a t i o n  o f  i n d i v i d u a l s  t o  t r e a tm e n t s  was b a la n c e d  so 
t h a t  each  group c o n ta in e d  a s i m i l a r  range  o f  i n i t i a l  m o l lu s c  
w e i g h t s .  No d i f f e r e n c e s  i n  p e rfo rm a n c e  were d e t e c t e d  be tw een  
n u d ib ra n c h s  c o l l e c t e d  from th e  two f i e l d  l o c a t i o n s .
Anim als were m a in ta in e d  th ro u g h o u t  th e  e x p e r im e n t  i n  2 .5 1  
( 0 .5  g a l l o n )  c o n t a i n e r s  w i t h  a  w a te r  d e p th  o f  2 .5  cm. A l l  
c o n t a i n e r s  w ere  l o c a t e d  i n  a  " c a s c a d e "  sys tem  th ro u g h  w hich  f r e s h  
s e a w a te r  c o n t i n u a l l y  f lo w e d .  The c o n t a i n e r s  w ere  d i v id e d ,  
i n i t i a l l y ,  i n t o  two e q u a l  p a r t s  by a  mesh s c r e e n  s e p a r a t o r  and 
two i n d i v i d u a l s  w ere  m a in ta in e d  i n  each  h a l f .  Very sm a l l  
n u d ib ra n c h s ,  how ever, w ere  i n i t i a l l y  k e p t  i n  i n d i v i d u a l  p l a s t i c  
mesh cag es  w i t h i n  t h e  sy s tem  b e c au se  t h e  mesh s i z e  o f  th e  
p a r t i t i o n s  was to o  l a r g e  t o  p r e v e n t  them e s c a p in g .  I n d i v i d u a l  
n u d ib ra n c h s  w ere  i d e n t i f i a b l e  from d e t a i l e d  n o te s  o f  body 
m a rk in g s .
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W ith  th e  o n s e t  of spaw ning  i t  became n e c e s s a r y  t o  f u r t h e r  
s u b - d i v i d e  each  c o n t a i n e r  so  t h a t  a l l  f o u r  i n d i v i d u a l s  were h e ld  
i n  i s o l a t i o n ;  t h i s  a l lo w e d  i n d i v i d u a l  spawn p r o d u c t i o n  to  be 
m o n i to re d .  The fo l lo w in g  anemone s p e c i e s  were u se d ;
A c t i n i a  e q u in a  (Red Morph)
A c t i n i a  e q u in a  (G reen  Morph)
S a g a r t i a  t r o g l o d y t e s  
M e tr id ium  s e n i l e  
U r t i c i n a  f e l i n a
F iv e  o f  t h e  t r e a tm e n t  g ro u p s  w ere  f e d  on c u t  p i e c e s  o f  a  s i n g l e  
anemone s p e c i e s  th ro u g h o u t  t h e  e x p e r im e n t ,  w h i le  t h e  f i n a l  group  
was fed  on a s e q u e n t i a l  m ix tu re  o f  a l l  f i v e  s p e c i e s .  To e n s u re  
t h a t  a l l  s p e c i e s  w ere  e a t e n  i n  t h e  mixed d i e t  g roup  anemones were 
p ro v id e d  i n  r o t a t i o n  f o r  p e r i o d s  o f  two weeks e a c h .
A l l  a n im a ls  were damp-weighed e v e ry  f o r t n i g h t  th ro u g h o u t  th e  
e x p e r im e n t .  E xcess  w a te r  was removed by r o l l i n g  th e  an im a l  on a 
p l a s t i c  gauze  o v e r ly in g  d ry  f i l t e r  p a p e r .  R epea t damp w eigh ing  
of  a  ran g e  o f  n u d ib ra n c h  s i z e s  showed a  v a r i a t i o n  ab o u t  t h e  mean 
of  a p p ro x im a te ly  1%. T hroughout t h e  y e a r  A . p a p i l l o s a  sp a n n in g  a 
r a n g e  o f  s i z e s  were c o l l e c t e d  from th e  S t  Andrews Bay a r e a .  
These i n d i v i d u a l s  w ere  damp-weighed and th e n  r i n s e d  i n  0.9% 
Ammonium Form ate  t o  remove s u r f a c e  s a l t s  ( t h i s  s o l u t i o n  i s  
i s o t o n i c  w i th  s e a w a te r  and th e  Ammonium fo rm a te  su b lim es  t o t a l l y  
on f r e e z e - d r y i n g ) .  F r e e z e - d r i e d  i n d i v i d u a l s  were th e n  re -w e ig h e d  
t o  p r o v id e  a dam p/dry  w e ig h t  c o n v e r s i o n  f a c t o r .
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A f t e r  th e  f i r s t  n u d ib ra n c h  had spawned, i n d i v i d u a l s  were 
s e p a r a t e d  a s  d e s c r i b e d  a bove . On two o r  t h r e e  o c c a s io n s  each 
week n u d ib ra n c h s  w i t h i n  t r e a t m e n t s  w ere  p a i r e d  f o r  s i x  t o  e i g h t  
h o u rs  t o  p e rm i t  c o p u l a t i o n .  A l l  a n im a ls  were examined d a i l y  and 
spawn mass p r o d u c t i o n  was r e c o r d e d .  Spawn m asses  w ere  g e n e r a l l y  
l a i d  on th e  s i d e s  of  t h e  c o n t a i n e r  and were e a s i l y  e x c i s e d  u s in g  
a s h a rp  s c a l p e l  and f i n e  f o r c e p s .  A l l  spawn m asses w ere  b l o t t e d  
and damp w eighed , p r i o r  to  b e in g  f r e e z e - d r i e d  t o  p r o v id e  dam p/dry  
w e ig h t  c o n v e r s io n  d a t a  and m a t e r i a l  f o r  c a l o r i f i c  a n a l y s i s .
F o r  i n v e s t i g a t i o n  o f  r e p r o d u c t i v e  e f f o r t ,  i n o r g a n i c  ash  
c o n te n t  and c a l o r i f i c  v a lu e s  w ere  d e te rm in e d  f o r  p r e - r e p r o d u c t i v e  
A . p a p i l l o s a  and i n t a c t  spawn. The m ethods used  were t h e  same a s  
t h o s e  d e s c r i b e d  f o r  th e  a n a l y s i s  o f  anemone s p e c i e s  i n  C h a p te r  
2 .
RESULTS.
F i g s .  2 ( a ) , ( b )  and ( c )  p r e s e n t  th e  grow th  d a ta  f o r  
i n d i v i d u a l  n u d ib ra n c h s  i n  e a ch  o f  t h e  d i e t  t r e a tm e n t s  a n d ,  f o r  
t h e  21 n u d ib ra n c h s  w hich  r e a c h e d  r e p r o d u c t iv e  m a t u r i t y  and 
spawned, t h e  d a t e  on w hich  th e  f i r s t  spawn mass was l a i d  ( v ) .  
P e rh ap s  th e  most s t r i k i n g  f e a t u r e  of t h e s e  d a t a  i s  t h e  
v a r i a b i l i t y  i n  t h e  g row th  o f  i n d i v i d u a l s  even  w i t h i n  a g iv e n  d i e t  
t r e a t m e n t .  F o r  exam ple , a f t e r  a  p e r io d  of 183 days from th e  
s t a r t  o f  t h e  e x p e r im e n t  t h e r e  was a  d i f f e r e n c e  i n  damp w e ig h t  of 
9 .4 1 3 g  betw een  th e  l a r g e s t  and s m a l l e s t  i n d i v i d u a l s  m a in ta in e d  on
F ig u r e  2 ( a ) ,  (b )  and ( c ) .
Growth d a t a  f o r  i n d i v i d u a l  n u d ib ra n c h s  i n  each  d i e t  t r e a tm e n t .
( t )  D eno tes  d a te  o f  f i r s t  spaw ning .
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U . f e l l n a » The r e s p e c t i v e  damp w e ig h ts  o f  t h e s e  two n u d ib ra n c h s  
a t  th e  b e g in n in g  of th e  e x p e r im e n t  were 0 .154g  and 0 .1 8 1 g .  
E x a m in a t io n  o f  t h e  w hole  d a t a  s e t  show o t h e r ,  e q u a l l y  s t r i k i n g ,  
d i f f e r e n c e s  i n  g row th  r a t e .
The l a r g e  v a r i a t i o n  i n  g row th  o f  i n d i v i d u a l s  w i t h i n  each  
d i e t  s e t  p r e c lu d e  any s u g g e s t i o n  o f  d i e t a r y  e f f e c t s .  The
a p p a r e n t  a b sen c e  o f  su ch  t r e n d s  may be a t t r i b u t a b l e  to  sm a l l
sam ple s i z e s .
A lthough  g row th  r a t e s  a p p e a r  t o  be u n a f f e c t e d  by th e  anemone 
d i e t s  th e  r e s u l t s  do s u g g e s t  t h a t  s u r v i v o r s h i p  i s  red u c e d  f o r  
A . p a p i l l o s a  m a in ta in e d  on M .s e n i l e  a lo n e .  Only one M . s e n i l e - fed  
an im a l  s u rv iv e d  beyond e a r l y  May 1983, i n  c o n t r a s t  t o  a l l  o t h e r  
t r e a t m e n t s  i n  w hich f o u r  o r  more n u d ib ra n c h s  s u rv iv e d  u n t i l  a t  
l e a s t  m id -Ju n e  1983. The t r e a t m e n t  group s i z e s ,  how ever, a r e  to o
s m a l l  to  draw any f i r m  c o n c lu s io n s  r e g a r d in g  s u r v i v o r s h i p .  I t
s h o u ld  be n o ted  t h a t  t h i s  f e a t u r e  o f  t h e s e  d a t a  may be th e  
consequence  o f  a  g r e a t e r  te n d e n c y  f o r  c u t  p i e c e s  o f  M .s e n i l e  t o  
decay  i n  th e  a q u a r iu m . A lth o u g h  th e  food  of a l l  a n im a ls  was 
r e g u l a r l y  m o n ito re d  i n  an  a t t e m p t  to  e n s u re  t h a t  i t  was i n  a 
s a t i s f a c t o r y  c o n d i t i o n ,  decay  o f  M .s e n i l e  o v e r  th e  one o r  two day 
p e r i o d  betw een  i n s p e c t i o n s  may have  been  s u f f i c i e n t  t o  d e p r e s s  
t h e  g r o s s  s u r v i v o r s h i p  o f  n u d ib ra n c h s  f e e d in g  on t h a t  s p e c i e s .  
T h e re  was r a r e l y ,  how ever ,  any v i s i b l e  e v id e n c e  o f  decay  on th e  
M .s e n i l e  p i e c e s  t h a t  were removed.
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A l l  b u t  one o f  th e  n u d ib ra n c h s  w hich spawned c o n t in u e d  to  
grow a f t e r  th e  o n s e t  o f  r e p r o d u c t i o n .  I n  f o u r  c a s e s  th e  maximum 
p o s t- s p a w n in g  body s i z e  was a t t a i n e d  j u s t  p r i o r  t o  d e a t h .  Fo r  
t h e  rem a in in g  n u d ib ra n c h s  a f a l l  i n  w e ig h t  was g e n e r a l l y  re c o rd e d  
a p p ro x im a te ly  two weeks b e f o r e  d e a th .
I n  o r d e r  to  p e rm i t  a n a l y s i s  of p a t t e r n s  o f  e n e rg y  
p a r t i t i o n i n g  betw een  r e p r o d u c t i o n  and so m a t ic  g row th  a l l  damp 
w e ig h ts  f o r  spawn m asses  and a d u l t s  w ere  c o n v e r te d  t o  d ry  w e ig h ts  
u s in g  th e  c o n v e r s io n s  shown below : t h e s e  were o b ta in e d  from l e a s t  
s q u a r e s  r e g r e s s i o n  a n a ly s e s  o f  damp w e ig h t ( y )  on d ry  w e i g h t ( x ) .
Soma Dry W eigh t(x )  = (Damp W e ig h t(y )  /  8 .9 0 3 0 )  + 0 .1 8 9 8 )  
r= 0 .9 9 5 1 * * * ,  r ^ = 0 .9 9 0 2 ,  n=22.
Spawn Dry W eigh t(x )  = (Damp W e ig h t(y )  /  10 .04809)  -  0 .0118  
r= 0 .9 8 8 9 * * * , r ^ = 0 .9 7 7 9 ,  n=25.
Dry w e ig h ts  were t h e n  c o n v e r te d  i n t o  c a l o r i f i c  ( j o u l e )  
e q u i v a l e n t s ;  t h e  u n i t s  r e f e r r e d  to  h e r e a f t e r .
T a b le  5 shows t h e  m in e r a l  a s h  and c a l o r i f i c  v a lu e s  used  i n  
t h e  c o n v e r s io n s  f o r  b o th  s o m a t ic  t i s s u e  and spawn. One e r r o r  
im p l ie d  i n  t h e s e  a n a ly s e s  a r i s e s  w i th  th e  u se  o f  t h e  c a l o r i f i c  
c o n v e r s io n  f a c t o r  f o r  s o m a t ic  t i s s u e  on r e p r o d u c t i v e l y  m a tu re  
n u d ib ra n c h s .  Some o f  t h e  m easured  w e ig h t  o f  th e s e  a n im a ls  may be 
c o n t r i b u t e d  by t h e  gonad and th e r e b y  a n  o v e r - e s t i m a t i o n  of  t o t a l
T a b le  5 . R e s u l t s  o f  m in e r a l  a sh  and e n e r g e t i c  d e te r m i n a t i o n s  f o r  s o m a t ic  
t i s s u e  and spawn o f  A . p a p i l l o s a  ( t  1 s . e . )
""1. "^ 1 **^1.M in e ra l  Ash % J  mg Dry Wt J  mg Ash F re e  J  mg Ash F re e  Dry
Dry Wt Wt c o r r e c t e d
Soma 1 6 . 9 3 8 Î 0 .0916  1 7 .3 0 5 -0 .2 9 2 0  2 0 .8 3310 .351  21 .20 1 ^ 0 .3 5 1
Spawn 16.455 2 0 .6 5 1 6 *  1 9 .2 4 5 2 0 .1 4 1  23 .0 3 5 2 0 .1 6 9  2 3 .0 5 0 2 0 .1 6 9
n = 5 i n  a l l  c a s e s  e x c e p t  * ,  w here  n = 6.
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s o m a t ic  p r o d u c t i o n  may h av e  been  o b t a i n e d .  W ithou t i n f o r m a t io n  
on th e  i n t e r n a l  p a r t i t i o n i n g  o f  r e p r o d u c t i v e  and so m a t ic  t i s s u e s  
a t  th e  t im e  of  w e ig h in g ,  how ever , t h i s  e r r o r  i s  u n a v o id a b le .  
From a  c o m p a ra t iv e  v ie w p o in t  t h e  r e s u l t s  rem ain  v a l i d .
T ab le  6 sum m arizes t h e  body s i z e ,  spawning and r e p r o d u c t i v e  
e f f o r t  d a t a  f o r  th e  21 n u d ib ra n c h s  w hich a t t a i n e d  r e p r o d u c t i v e  
m a t u r i t y  and spawned. The f i r s t  spawn mass was l a i d  on 2nd 
M a rc h ,1983 a l t h o u g h  th e  m a j o r i t y  o f  n u d ib ra n c h s  d id  no t conmence 
spawning u n t i l  May and c o n t in u e d  u n t i l  t h e i r  d e a th  i n  e a r ly /m id  
J u l y .  A t o t a l  of 171 spawn m asses  were l a i d  by th e  21 a n im a ls  of  
w hich  o n ly  8 w ere  i n f e r t i l e .  The i n f e r t i l e  spawn m asses  were 
in c lu d e d  i n  th e  a n a ly s e s  s i n c e  th e y  s t i l l  r e p r e s e n t  en e rg y  
a l l o c a t e d  to  r e p r o d u c t i o n  and may have  been  th e  r e s u l t  of  
i n s u f f i c i e n t  i n s e m i n a t i o n  o r  some o t h e r  l a b o r a t o r y  e f f e c t .  I n  
t h i s  c o n te x t  i t  i s  r e l e v a n t  t h a t  A . p a p i l l o s a  d e n ie d  a c c e s s  t o  a 
m ate  f a i l  t o  spawn b e f o r e  d e a th  i n  c o n t r a s t  t o ,  f o r  exam ple, 
O n c h id o r i s  b i l a m e l l a t a  ( L . )  w hich  e x e r t s  a  s i g n i f i c a n t l y  g r e a t e r  
' r e p r o d u c t i v e  e f f o r t *  when m a in ta in e d  i n  i s o l a t i o n  (T o d d ,1 9 7 9 b ) . 
The s m a l l e s t  an im a l  t o  spawn w eighed 1 .6 4 7 g :  f o u r  n u d ib ra n c h s
w hich f a i l e d  t o  spawn exceeded  t h i s  s i z e  o n ly  a f t e r  th e  b e g in n in g  
of May, when th e  r e m a in d e r  had commenced r e p r o d u c t i o n .  I n f e r t i l e  
spawn m asses a p p e a re d  s p o r a d i c a l l y  and cou ld  no t be r e l a t e d  to  
d i e t  t r e a tm e n t  o r  p a r t i c u l a r  i n d i v i d u a l s ;  t h e i r  i n c l u s i o n  has 
l i t t l e  e f f e c t  on th e  r e p r o d u c t i v e  p a t t e r n s  which em erge.
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Spawn-mass s i z e  was c o m p a ra t iv e ly  c o n s ta n t  ov er th e  w hole o f 
th e  spaw ning p e r io d ,  a l th o u g h  th e  f i n a l  spawn mass was o f te n  
s m a l le r  th a n  th e  o t h e r s .  F ig .  3 shows th e  r e l a t i o n s h i p  betw een  
maximum p o s t-sp a w n in g  body s i z e  and mean spaw n-m ass s i z e .  
Maximum p o s t-sp a w n in g  body s i z e  i s  c o n s id e re d  to  be th e  m ost 
a p p r o p r ia t e  s t a t i c  m easu re  o f so m a tic  p ro d u c t io n  i n  d e te rm in in g  
tu rn o v e r  r a t i o s .  A h ig h ly  s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  
be tw een  th e  mean spawn mass s i z e ( y )  and th e  maximum p o s t-sp a w n in g  
body s i z e ( x )  i s  d e t e c t a b l e :
y = 2 .3 5 9 x  -  0 .7 3 5 6 , r= 0 .9 5 4 2 * * * , r^ = 0 .9 1 0 4 , n=21.
I n s p e c t io n  o f th e  p o o led  d a ta  i n  F i g ,3 s u g g e s ts  t h a t  t h e r e
i s  a  maximum mean spawn m ass s i z e  r e s u l t i n g  i n  a  p la t e a u  f o r
i n d iv i d u a l s  g r e a t e r  th a n  1 .9  x 10^ J  ( 9 .0 g  damp w t) .  The
p la t e a u  i n  mean spawn m ass s i z e  a p p e a rs  t o  be a p p ro x im a te ly  4 x 
310 J o u le s .
F ig .  4 sum m arizes th e  mean tem p o ra l p a t t e r n s  o f spawn 
p r o d u c t io n  f o r  14 n u d ib ra n c h s  f o r  th e  f i r s t  60 days fo llo w in g  th e  
commencement o f spaw ning (n o n e  o f th e s e  a n im a ls  s u rv iv e d  beyond 
70 d a y s ) .  The p a t t e r n  o f i n c r e a s in g  r a t e  o f spawn p ro d u c t io n  a s  
th e  spaw ning p e r io d  p r o g re s s e s  i s  a  c o n s i s t e n t  f e a t u r e  f o r  a l l  
b u t two o f th e  21 n u d ib ra n c h s  w hich  w ere o b se rv ed  spaw ning . T h is  
p a t t e r n  d i f f e r s  m ark ed ly  from  t h a t  d e m o n s tra te d  by o th e r  
n u d ib ra n c h  s p e c i e s .  Todd (1 9 7 9 a) h a s  o b se rv ed  two c o n t r a s t i n g  
p a t t e r n s  o f  spawn p r o d u c t io n  f o r  th e  d o r id  n u d ib ra n c h s  O n c h id o ris
F ig u re  3 .
The r e l a t i o n s h i p  be tw een  body s i z e  and mean spawn m ass s i z e  ( H  
s • e • ) •
The numbers above o r  below  th e  e r r o r  b a rs  i n d i c a t e  th e  number o f 
sa m p le s .
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F ig u re  4 .
Mean c u m u la tiv e  spawn p r o d u c t io n  ( i l  s . e . )  f o r  14 n u d ib ra n c h s  
o v e r  a  p e r io d  o f 60 d a y s . (No i n d iv id u a l  su rv iv e d  beyond 70 
d a y s ) .
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m u ric a ta  (M ü lle r )  and A d a la r ia  proxim a (A id e r  & H an co ck ). 
C u m u la tiv e  spawn p r o d u c t io n  f o r  p a i r s  o f O .m u ric a ta  can  be 
d e s c r ib e d  by a  power c u rv e  e q u a t io n  i n  w hich th e  r a t e  o f spawn
p r o d u c t io n  d e c re a s e s  o v e r  tim e  ( th e  c o n v e rse  o f  th e  p a t t e r n
o b se rv ed  f o r  A .p a p i l l o s a ) .  I n  c o n t r a s t ,  th e  c u m u la tiv e  spawn 
o u tp u t o f A .p rox im a shows a  s igm o id  r e l a t i o n s h ip  w ith  t im e . A 
s i m i l a r  p a t t e r n  to  t h a t  d e m o n s tra te d  f o r  O .m u ric a ta  h a s  a l s o  been  
o b se rv e d  i n  0 . b i l a m e l l a t a  (Todd ,1979b) .
The a b s o lu te  r a t e  o f spawn p r o d u c t io n  i n  A .p a p i l lo s a  i s  v e ry  
v a r i a b l e  be tw een  i n d i v i d u a l s ,  dep en d in g  p r im a r i ly  on in d iv id u a l  
s i z e s .  Such v a r i a b i l i t y ,  a l th o u g h  n o t alw ays r e l a t e d  to  body 
s i z e ,  i s  i n  k e e p in g  w ith  o b s e r v a t io n s  o f o th e r  n u d ib ra n c h  s p e c ie s  
(T odd ,1979a; Todd & H avenhand,1 9 8 3 ) .
F ig .  5 shows th e  p a t t e r n s  o f t o t a l  spawn p r o d u c t io n  i n  
r e l a t i o n  to  maximum p o s t-sp a w n in g  body s i z e  ( j o u l e s )  f o r  
n u d ib ra n c h s  i n  each  d i e t  t r e a tm e n t .  A lthough  a s i g n i f i c a n t
s t r a i g h t  l i n e  can  be f i t t e d  to  th e s e  d a t a ,  i n s p e c t io n  o f th e
f ig u r e  does i n d i c a t e  a d e c r e a s e ,  o r  p e rh a p s  a p l a t e a u ,  i n  t o t a l  
spawn p ro d u c t io n  f o r  a n im a ls  l a r g e r  th a n  a p p ro x im a te ly  2 x 10^ J  
(lO g damp w t) .  T h is  may be a co n seq u en ce  o f th e  c o n s t r a i n t s  on 
spawn mass s i z e ,  f o r  l a r g e  n u d ib ra n c h s , a l lu d e d  to  ab o v e . More 
co m prehensive  d a ta  a r e  n e c e s s a ry  to  c l a r i f y  t h i s  p o i n t .  D e s p ite  
th e  d o u b ts  r e g a rd in g  th e  l a r g e r  i n d iv id u a l s  i t  i s  a p p a re n t  t h a t ,  
o v e r  m ost o f th e  s iz e  r a n g e , t h e r e  i s  a  c l e a r  a l l o m e t r i c  
r e l a t i o n s h i p  be tw een  body s i z e  and t o t a l  spawn p ro d u c t io n . 
Anemone d i e t ,  how ever, does n o t a p p e a r  to  have any e f f e c t  on t h i s
F ig u re  5 .
T o ta l  spawn p r o d u c t io n  i n  r e l a t i o n  to  body s i z e  f o r  th e  
n u d ib ra n c h s  f e e d in g  on each  anemone d i e t .
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r e l a t i o n s h i p ;  a n im a ls  o f e q u a l  s i z e ,  fe d  on d i f f e r e n t  s p e c i e s ,  do 
n o t p roduce  s i g n i f i c a n t l y  d i f f e r e n t  q u a n t i t i e s  o f spaw n. The 
e f f e c t  o f d i e t  on  r e p r o d u c t iv e  e f f o r t  ( t o t a l  spawn 
J /m a x ,p o s t-sp a w n in g  J  a s  a  p e rc e n ta g e )  was t e s t e d  u s in g  a 
K ru s k a l-W a llis  n o n -p a ra m e tr ic  AÜOVA. The r e s u l t s  o f t h i s  t e s t  
i n d i c a t e  t h a t  th e  n u l l  h y p o th e s is  o f e q u a l i t y  o f r e p r o d u c t iv e  
e f f o r t  v a lu e s  c a n n o t be r e j e c t e d  (K = 3 .5 2 6 7  w ith  4 d e g re e s  of 
freed o m , c r i t i c a l  r e g io n  = 9 .4 8 8 ) .
DISCUSSION.
P a t t e r n s  o f g row th  i n  A .p a p i l l o s a .
The o b se rv e d  v a r i a b i l i t y  i n  th e  g row th  o f A .p a p i l l o s a  i n  
t h i s  a n a ly s i s  p re v e n ts  us from  m aking any s ta te m e n ts  r e g a rd in g  
d i f f e r e n c e s  i n  g row th  o f  n u d ib ra n c h s  fe e d in g  on p a r t i c u l a r  
anemone d i e t s .  I t  m ust be c o n c lu d e d , t h e r e f o r e ,  t h a t  th e  v a lu e s  
o f anemone t i s s u e s ,  a s  food  f o r  A .p a p i l l o s a , do n o t d i f f e r  
s i g n i f i c a n t l y  from  one a n o th e r .  I n  o rd e r  to  c o m p le te ly  d e f in e  
th e  r e l a t i v e  v a lu e s  o f th e  anemone p re y , how ever, th e  e f f e c t s  o f 
b e h a v io u ra l  and ch em ica l p re y  d e fe n c e s  sh o u ld  be d e te rm in e d .
P e rh ap s  th e  m ost i n t e r e s t i n g  f e a t u r e  o f th e s e  g row th  d a ta  i s  
th e  m arked v a r i a t i o n  i n  g ro w th  r a t e  be tw een  i n d iv i d u a l s .  O th e r 
com p reh en siv e  d a ta  on m o llu s c a n  g row th  r a t e s  a r e  s c a n t ,  a lth o u g h  
in f o r m a t io n  rev iew ed  by W ilb u r and Owen (1964) does i n d i c a t e  t h a t  
l a r g e  v a r i a t i o n s  i n  g row th  r a t e  do o c c u r . F o r exam ple C ole  & 
Waugh (1959 ) o b se rv ed  a h ig h  p r o p o r t io n  o f " s tu n te d "  o y s te r s
36
among a c o m m e rc ia lly  c u l t i v a t e d  p o p u la t io n  o f "norm al" 
i n d iv i d u a l s .  A p r o p o r t io n  o f  th e s e  in d iv id u a l s  f a i l e d  to  grow 
even  when t r a n s p la n t e d  i n to  m ore f a v o u ra b le  c o n d i t io n s .  I n  t h i s  
p a r t i c u l a r  c a s e ,  th e  in c id e n c e  o f th e  v a r i a n t s  may have been  
a t t r i b u t a b l e  to  changes i n  th e  c u l t i v a t i o n  te c h n iq u e  f o r  th e  
o y s te r s  a s  p o st-m etam o rp h s  ( th e  o y s te r  s p a t  w ere s to r e d  i n  t r a y s  
h ig h e r  on th e  s h o re ,  th u s  e x p o s in g  them to  more u n fa v o u ra b le  
p h y s ic a l  c o n d i t io n s ) .
The v a r i a b i l i t y  i n  g row th  r a t e  shown i n  F ig .  2 c o n t r a s t s  
m ark ed ly  w ith  p u b lis h e d  l a b o r a to r y  g row th  d a ta  o b ta in e d  f o r  o th e r  
o p is th o b ra n c h  s p e c ie s  ( P a i n e ,1965; C a re fo o t,1 9 6 7 ; H o llem an ,1972 ; 
C h ia  & S k e e l,1 9 7 3 ; B loom ,1974; T o d d ,1 9 7 9 ), i n  w hich th e  m o llu sc s  
a l l  grew i n  a c o n s i s t e n t  m anner. T here  w ould a p p e a r  to  be th r e e  
p o s s ib l e  e x p la n a t io n s  f o r  th e  v a r i a b i l i t y  i n  th e  p r e s e n t  g row th  
d a ta :
i )  The r e s u l t s  a r e  l a b o r a to r y  a r t e f a c t s  w ith  d i f f e r e n t i a l  
re s p o n s e s  among i n d i v i d u a l s .
i i )  I n t e r a c t i o n s  be tw een  i n d iv i d u a l s  when th e y  w ere k e p t a s  p a i r s  
d u r in g  th e  f i r s t  p a r t  o f th e  e x p e rim e n t le d  to  a  r e d u c t io n  i n  th e  
g row th  r a t e  o f some i n d iv i d u a l s  a s  a  r e s u l t  o f c o m p e t i t io n  f o r  
fo o d . T h is  would n o t e x p la in  why su ch  a n  e f f e c t  sh o u ld  c o n tin u e  
fo llo w in g  th e  s e p a r a t i o n  o f i n d i v i d u a l s .
i i i )  The v a r i a t i o n s  r e p r e s e n t  r e a l ,  g e n e t i c ,  d i f f e r e n c e s  betw een  
in d iv i d u a l s .
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C o n s id e r in g  th e s e  a l t e r n a t i v e s  i n  tu r n :  th e  p o s s i b i l t y  t h a t
l a b o r a to r y  c o n d i t io n s  d i f f e r e n t i a l l y  a f f e c t  n u d ib ra n c h s  i s  
d i f f i c u l t  to  a s s e s s .  I t  i s  u n l i k e l y ,  how ever, t h a t  t h i s  c o u ld  
a c c o u n t f o r  th e  m a jo r i ty  o f th e  o b se rv ed  v a r i a t i o n .  T h is  
c o n c lu s io n  i s  draw n on th e  a s su m p tio n  t h a t  a l l 'w e a k *  g e n o ty p e s  
w ould have been  removed from  th e  p o p u la t io n  by th e  tim e  th e  
s e l e c t i v e l y  r ig o r o u s  p la h k to n ic  and s e t t le m e n t  p h a ses  have  been  
c o m p le te d . As a r e s u l t  o f  t h i s  i n te n s e  s e l e c t i o n ,  th e  
c o m p a ra t iv e ly  b e n ig n  l a b o r a to r y  c o n d i t io n s  a r e  u n l ik e ly  t o  a f f e c t  
any  o f  th e  n u d ib ra n c h s  to  such  a d e g re e . T h is  assum es t h a t  
i n d iv i d u a l s  w ith  a  g e n e t i c  c o n s t i t u t i o n  s u f f i c i e n t l y  ro b u s t  f o r  
s u r v i v a l  i n  th e  p la n k to n ,  and s e t t l e m e n t  and m etam o rphosis  a l s o  
p o s s e s s  a c o r re s p o n d in g ly  's tro n g *  g e n e t ic  com ponent f o r  
p o s t-m e ta m o rp h ic  l i f e .
A n o th er p o s s ib l e  e x p la n a t io n  t h a t  i s  r e l a t e d  to  th e  im pact 
o f th e  en v iro n m en t on  th e  g e n o ty p e  i s  t h a t  a d v e rs e  o r  s t r e s s f u l  
c o n d i t io n s  may hav e  b een  e x p e r ie n c e d  by some of th e  n u d ib ra n c h s  
i n  th e  s h o r t  p e r io d  p r i o r  to  s e t t l e m e n t  and t h a t  t h i s  t r e a tm e n t  
r e s u l t e d  i n  a  slow  g row th  r a t e  th ro u g h o u t th e  n u d ib ra n c h s  l i f e .  
As d e s c r ib e d  p r e v io u s ly ,  t h i s  h a s  been  su g g e s te d  to  e x p la in  
in c id e n c e s  o f p o o r g row th  i n  o y s te r s  (C o le  & W augh,1 9 5 9 ).
The second  a l t e r n a t i v e  -  t h a t  c o m p e t i t io n  f o r  food  betw een  
i n d i v i d u a l s ,  i n  th e  e a r l y  p a r t  o f th e  e x p e r im e n t, r e s u l t e d  i n  a 
d e c re a s e  i n  th e  p e rfo rm a n c e  o f some in d iv id u a l s  -  i s  u n l ik e ly .  
Food was p ro v id e d  to  e x c e s s  a t  a l l  tim es  and th e  r e s u l t s  o f
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e x p e rim e n ts  d e s c r ib e d  i n  th e  fo llo w in g  c h a p te r  show t h a t  
n u d ib ra n c h s  do n o t fee d  a t  a  s lo w e r  r a t e  when m a in ta in e d  i n  
g ro u p s .
The t h i r d  a l t e r n a t i v e  i s  a  r e a l i s t i c  p o s s i b i l i t y  a lth o u g h  
some f e a t u r e s  o f th e  d a ta  a r e  r a t h e r  d i f f i c u l t  to  e x p la in  i n  
te rm s  o f i n h e r e n t  g e n e t i c  d i f f e r e n c e s .  Of th e  48 in d iv i d u a l s  i n  
th e  g row th  e x p e r im e n t, 27 f a i l e d  to  spawn and w ere , t h e r e f o r e ,  o f 
z e ro  f i t n e s s .  Of t h e s e ,  f o u r  a c h ie v e d  a maximum s i z e  t h a t  was 
g r e a t e r  th a n  th e  lo w e s t o b se rv e d  f o r  a  spaw ning in d iv id u a l  and
l iv e d  s u f f i c i e n t l y  lo n g  to  have  re a c h e d  r e p r o d u c tiv e  m a tu r i ty .  A
v a r i e t y  o f re a s o n s  may e x p la in  th e  a b sen c e  o f spaw ning i n  th e s e  
i n d iv i d u a l s ,  b u t ,  i n  v iew  o f th e  s i z e  th e y  a c h ie v e d  and t h e i r
lo n g e v i ty ,  i t  i s  r e a s o n a b le  to  suppose  t h a t  t h e i r  u l t im a te  z e ro
f i t n e s s  was n o t d i r e c t l y  r e l a t e d  to  a  low grow th  r a t e .  F o r  th e  
rem a in in g  23 n u d ib ra n c h s  w hich  grew  s lo w ly  and d id  n o t re a c h
r e p r o d u c t iv e  m a tu r i t y ,  one m ust a sk  th e  q u e s t io n ;  why do
i n d iv i d u a l s  w ith  i n h e r e n t  z e ro  f i t n e s s  p e r s i s t  th ro u g h
g e n e r a t io n s  i n  such  r e l a t i v e l y  l a r g e  num bers?.
The s tu d i e s  o f S ingh  & Z ouros (1978) and Zouros e t  a l . 
( 1 9 8 0 ) , p ro v id e  some v a lu a b le  i n s i g h t s  i n t o  t h i s  q u e s t io n .  I n  
th e s e  s tu d ie s  a  sam ple from  a  c o h o r t  o f o y s te r s  was a n a ly s e d  
e l e c t r o p h o r e t i c a l l y  f o r  se v e n  enzyme l o c i  and th e  r e s u l t i n g  
in fo r m a t io n  was r e l a t e d  to  i n d iv id u a l  w e ig h t.  The c o h o r t
a n a ly s e d  was one y e a r  o ld ,  and a l l  th e  i n d iv i d u a l s  w ere grown 
u n d e r i d e n t i c a l  c o n d i t io n s .  The a n a ly s i s  showed t h a t  i n d iv id u a l  
w e ig h t was p o s i t i v e l y  c o r r e l a t e d  w ith  th e  number o f  h e te ro z y g o u s
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l o c i .  S e v e ra l  h y p o th e se s  can  be advanced to  e x p la in  t h i s  
o b s e r v a t io n  a lth o u g h  i t  was f e l t  t h a t  overdom inance f o r  g row th  
r a t e  was th e  m ost p l a u s i b l e .
From such  o b s e rv a t io n s  one m ig h t p r e d i c t  t h a t  l a r g e r  
A .p a p i l l o s a  a r e  h e te ro z y g o u s  a t  more gene l o c i .  One m ust th e n  
a sk  th e  q u e s t io n :  why s h o u ld  th e  number o f h e te ro z y g o u s  l o c i  -
cod ing  f o r  many d i f f e r e n t  enzymes w ith  d iv e r s e  f u n c t io n s  -  be 
p o s i t i v e l y  r e l a t e d  to  g row th  r a t e  i n  t h i s  m anner?. I n  a c c o u n tin g  
f o r  such  o b s e rv a t io n s  B e rg e r  (1 9 7 6 ) p ro p o sed  a m o le c u la r  scheme 
w hereby h e te r o z y g o te s  may c h a n n e l a  l a r g e r  p r o p o r t io n  o f t h e i r  
e n e rg y  in to  a n a b o lic  f u n c t io n s  su ch  a s  g row th  and r e p r o d u c t io n .  
From id e a s  such  a s  t h i s  Z ouros e t  a l . (1980) co nc luded  t h a t
"g row th  may be one o f  th e  few  c h a r a c te r s  a f f e c te d  by a v e ry  l a r g e  
num ber o f l o c i " .  T hus, i t s  seem s l i k e l y  t h a t  g row th  r a t e  i s  
in f lu e n c e d  by a  l a r g e  and d iv e r s e  com plex of gen es  and t h a t  a  
h ig h  d e g re e  o f h e te r o z y g o s i ty  among t h i s  com plex may r e s u l t  i n  
f a s t e r  g row th  r a t e s .
I f  g row th  i s  d e te rm in e d  i n  such  a m anner, i t  i s  r e a s o n a b le  
to  suppose  t h a t  many c o m b in a tio n s  o f h e te r o -  and homozygous l o c i  
a r e  p o s s ib l e .  T h is  b e in g  th e  c a se  one m igh t e x p e c t g row th  r a t e  
to  be h ig h ly  v a r i a b l e  be tw een  i n d i v i d u a l s .  I n  v iew  o f th e  l a r g e  
number o f g e n e t i c  c o m b in a tio n s  w hich  may r e s u l t  i n  slow  g row th , 
ev en  l a r g e  in d iv id u a l s  may p ro d u ce  a  h ig h  p r o p o r t io n  o f 
s lo w -g ro w in g  o f f s p r in g  w h ich  do n o t r e a c h  r e p r o d u c t iv e  s i z e .
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The u n d e r ly in g  c a u se s  o f  v a r i a t i o n  i n  i n d iv id u a l  g row th  r a t e  
w i th in  p o p u la t io n s  a r e  f a c t o r s  o f m a jo r  im p o rta n c e  to  b o th  
g e n e t i c i s t s  and p o p u la t io n  e c o lo g i s t s  a l i k e .  E c o lo g is t s  i n  
p a r t i c u l a r  ten d  to  s c r e e n - o u t  such  v a r i a b i l i t y  a s  'n o ise *  and 
c o n te n t  th e m se lv e s  w ith  c o n s id e r in g  th e  'a v e ra g e  i n d iv id u a l* .  
C le a r ly ,  such  an  a p p ro a c h  to  e c o lo g y  i s  q u i te  in a d e q u a te .  Of 
m ore im m ediate  im p o r ta n c e , how ever, i s  th e  q u e s t io n  o f  w h e th e r  o r  
n o t th e  v a r i a b i l i t y  o b se rv e d  f o r  A .p a p i l lo s a  i s  u n u su a l when 
com pared w ith  o th e r  s p e c i e s .  The c o n t r a s t  be tw een  th e  d a ta  
p re s e n te d  h e re  and o th e r  p u b l is h e d  l a b o r a to r y  g row th  d a ta  f o r  
n u d ib ra n c h s  i s  n o ta b le  b u t  th e  p o s s i b i l i t y  rem ains t h a t  'n o i s y ’ 
d a ta  ten d  to  go u n r e p o r te d .  I n  a d d i t i o n ,  a n im a ls  c o l l e c t e d  from 
th e  f i e l d  f o r  l a b o r a to r y  s tu d i e s  may, i n  some i n s t a n c e s ,  be 
s e le c te d  such  t h a t  th e  sam ple i s  n o t r e p r e s e n t a t i v e  o f th e  f i e l d  
p o p u la t io n .  F o r exam p le , i f  a  s p e c ie s  i s  a b u n d a n t, c o l l e c t o r s  
a r e  l e s s  l i k e l y  to  s e a r c h  th e  h a b i t a t  r ig o r o u s ly ,  and th u s ,  
s m a l le r  a n im a ls  a r e  l i k e l y  to  be o v e r lo o k e d . Such b ia s e d  
sam p ling  may r e s u l t  i n  a lo w e r v a r i a b i l i t y  i n  g row th  r a t e  i n  
l a b o r a to r y  e x p e r im e n ts .
P a t t e r n s  o f r e p r o d u c t io n  i n  A .p a p i l l o s a .
The a n a ly s i s  o f r e p r o d u c t iv e  p a t t e r n s  i n  t h i s  s p e c ie s  h as  
shown t h a t  th e  anemone p re y , a s  s o u rc e s  o f n u t r i t i o n ,  c o n fe r  no 
d i f f e r e n t i a l  a d v a n ta g e  to  i n d iv i d u a l s  i n  te rm s o f r e p r o d u c t iv e  
e f f o r t .  As w ith  th e  g ro w th  d a t a ,  t h i s  c o n c lu s io n  c a n n o t be 
e x te n d e d  to  in c lu d e  s ta te m e n ts  r e g a rd in g  th e  o v e r a l l  p r e y -v a lu e
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of i n t a c t  anem ones.
The a l l o m e t r i c  r e l a t i o n s h i p  be tw een  en e rg y  a l l o c a t i o n  p e r  
spawn mass and body s i z e  i s  to  be e x p e c te d  a lth o u g h  t h e r e  i s  a 
s t r o n g  i n d i c a t i o n  from  th e s e  d a ta  t h a t  spawn m asses p roduced  by 
th e  v e ry  l a r g e s t  n u d ib ra n c h s  do n o t exceed  th o s e  p roduced  by 
somewhat s m a l le r  i n d i v i d u a l s .  T h is  o b s e rv a t io n  i s ,  how ever, 
b ased  on o n ly  two d a ta  p o in t s  and r e q u i r e s  f u r t h e r  r e p l i c a t i o n  
b e f o r e  i t  can  be v e r i f i e d .  The a p p a re n t  p la t e a u  i n  th e
spaw n/body s i z e  r e l a t i o n s h i p  may r e p r e s e n t  a  p h y s io lo g ic a l  
c o n s t r a i n t ,  p e rh a p s  on th e  c a p a c i ty  to  f e r t i l i s e  m atu re  o o c y te s  
w ith  sp e rm a to zo a  s to r e d  from  c o p u la t io n .  D e ta i le d  h i s t o l o g i c a l  
s tu d i e s  i n  c o n ju n c t io n  w ith  f u r t h e r  a n a ly s i s  o f th e  p a t t e r n s  o f 
spawn p ro d u c t io n  may p ro v id e  a means o f v e r i f y in g  such  an  
e x p la n a t io n .
The p a t t e r n s  o f spawn p r o d u c t io n  shown by in d iv id u a l  
n u d ib ra n c h s  w ere v e ry  v a r i a b l e  a l th o u g h , i n  g e n e r a l ,  t h e r e  was an  
in c r e a s e  i n  th e  r a t e  o f spaw ning  up u n t i l  th e  d e a th  o f th e
i n d i v i d u a l .  As a g e n e ra l  r u l e  l a r g e r  a n im a ls  p roduced  l a r g e r  
spawn m asses a t  a  f a s t e r  r a t e .  The in c r e a s e  i n  r a t e  o f spawn 
p r o d u c t io n  by in d iv i d u a l s  may be acco u n te d  f o r  by th e  in c r e a s in g  
s i z e  o f th e  a n im a ls  o v e r  th e  spaw ning p e r io d  -  m ost o f th e
n u d ib ra n c h s  w hich spawned c o n tin u e d  to  grow d u r in g  th e  spaw ning
p e r io d  u n t i l  j u s t  b e fo r e  d e a th .  D e-grow th  p r i o r  to  d e a th  
p resu m ab ly  r e s u l t e d  from  th e  a u t o l y s i s  o f so m a tic  t i s s u e s  and th e  
d iv e r s io n  o f th e  r e s u l t i n g  en e rg y  i n to  r e p ro d u c tiv e  com ponents 
(T o d d ,1 9 7 8 ). T h is  change i n  th e  en e rg y  p a r t i t i o n i n g  o f th e
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sy stem  may a ls o  a c c o u n t f o r  some o f th e  o b se rv ed  in c r e a s e s  i n  
spawn p ro d u c t io n  w ith  th e  o n s e t  o f  d e a th .  The tim in g  of each  
spaw ning i s  l i k e l y  to  be d e te rm in e d  j o i n t l y  by th e  a v a i l a b i l i t y  
o f an  a d e q u a te  number o f m a tu re  o o c y te s  and s to r e d  sp e rm a to zo a  
from  a r e c e n t  c o p u la t io n .  S in c e ,  i n  th e  p r e s e n t  a n a l y s i s ,  
c o p u la t io n  was p e rm i t te d  on m ore th a n  one o c c a s io n  betw een  
spaw nings i t  i s ,  p e rh a p s ,  r e a s o n a b le  to  s u g g e s t  t h a t  th e  o b se rv ed  
tim in g  o f spawn p ro d u c t io n  was d e te rm in e d  by o o c y te  p r o d u c t io n .
The p a t t e r n s  o f spawn p r o d u c t io n  a r e  v e ry  v a r i a b l e  be tw een  
n o n s p e c i f ic  in d iv id u a l s  and n u d ib ra n c h  s p e c ie s  i n  g e n e ra l  (Todd & 
H avenhand,1 9 8 3 ) . T h is  i s  i l l u s t r a t e d  by th e  c o n t r a s t i n g  p a t t e r n s  
d e s c r ib e d  above f o r  O .m u r ic a ta  and A .p rox im a (T o d d ,1 9 7 9 a ) . The
p a t t e r n  o b se rv e d  i n  A .p a p i l l o s a , how ever, a p p e a rs  t o  be 
p a r t i c u l a r l y  u n u su a l i n  t h a t  a  l a r g e  p r o p o r t io n  o f th e  e n e rg y
a c q u ir e d  d u r in g  th e  r e p r o d u c t iv e  p e r io d  c o n tin u e s  to  be d iv e r t e d  
to w ard s so m a tic  g ro w th . The o b se rv e d  in c r e a s e s  i n  th e  r a t e  o f
spawn p ro d u c t io n  can  be a c c o u n te d  f o r  i n  term s o f t h i s  in c r e a s e
i n  body s i z e  and a s  a  r e s u l t  o f  th e  a u to l y s i s  o f so m a tic  t i s s u e s  
to w a rd s  th e  end o f th e  r e p r o d u c t iv e  p e r io d .  I t  w ould a p p e a r ,
t h e r e f o r e ,  t h a t  th e  p a t t e r n s  o f e n e rg y  a l l o c a t i o n  be tw een  g row th  
and r e p r o d u c t io n  i n  t h i s  s p e c ie s  d i f f e r  somewhat from  o th e r
in v e s t ig a t e d  n u d ib ra n c h s . I t  sh o u ld  be p o in te d  o u t ,  how ever,
t h a t  i n  th e  n u d ib ra n c h s  a s  a  w hole th e  p a t t e r n s  c o v e r  a  w ide 
sp e c tru m  of a l t e r n a t i v e s ,  a l th o u g h  m ost s p e c ie s  a p p e a r  to
c o n tin u e  so m a tic  g row th  f o r  a t  l e a s t  a  p e r io d  a f t e r  th e
commencement o f spaw ning (Todd & H avenhand,1 9 8 3 ) .
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Chapter 4 .
PATTERNS OF CONSUMPTION AND ASSIMILATION IN A.PAPILLQSA ( L .)  
INTRODUCTION.
The e x p e rim e n ts  d e s c r ib e d  h e re  c o n c e rn  th e  co n su m p tio n  r a t e s  
and a s s i m i l a t i o n  e f f i c i e n c i e s  f o r  A. p a p i l l o s e  w ith  p a r t i c u l a r  
r e f e r e n c e  to  anemone d i e t .  The o b je c t iv e  o f th e s e  e x p e rim e n ts  
was to  i d e n t i f y  p o s s ib l e  c o r r e l a t i o n s  be tw een  h ig h  o r  low g row th  
r a t e s ,  on a  g iv e n  anemone d i e t  ( a s  o b se rv ed  i n  c h a p te r  3 ) ,  and 
h ig h  o r  low co n su m p tio n  r a t e s  a n d /o r  a s s i m i l a t i o n  e f f i c i e n c i e s .  
C le a r ly ,  th e  i n t e r p r e t a t i o n  o f any su ch  c o r r e l a t i o n s  w ould be
n e c e s s a r i l y  t e n t a t i v e  and i t  sh o u ld  be p o in te d  ou t t h a t  th e s e  
e x p e rim e n ts  w ere in te n d e d  p r im a r i ly  a s  i n d i c a to r s  o f  p o s s ib le  
c a u s a l  r e l a t i o n s h i p s  b e tw een  d ie t - m e d ia te d  co n su m p tio n  a n d /o r  
a s s i m i l a t i o n  p a t t e r n s  and g ro w th . I n  a d d i t i o n  an  e x p e rim e n t i s  
d e s c r ib e d  w hich i n v e s t i g a t e s  th e  e f f e c t s  o f g roup  fe e d in g  
re s p o n s e s  on th e  o v e r a l l  co n su m p tio n  p a t t e r n s  o f a  s in g l e  anemone 
s p e c i e s .
THE EFFECTS OF ANEMONE DIET ON CONSUMPTION RATE.
I n s p e c t io n  o f th e  ra n g e  o f  anemone s p e c ie s  shows t h a t  m arked 
d i f f e r e n c e s  e x i s t  i n  th e  t e x t u r e  and g e n e ra l  c o n s t i t u t i o n  o f 
t h e i r  t i s s u e s .  F o r  exam p le , U . f e l i n a  i s  n o ta b ly  m o re ‘l e a t h e r y ’ 
th a n  any o f th e  o th e r  s p e c ie s  u n d e r  i n v e s t i g a t i o n .  On th e  b a s is
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of t h i s  o b s e r v a t io n  one m ig h t e x p e c t t h a t  A .p a p i l lo s e  would 
consume t h i s  s p e c ie s  a t  a  s lo w e r  r a t e .  I t  was w ith  such  
p o s s i b i l i t i e s  i n  mind t h a t  th e  e x p e r im e n ts  d e s c r ib e d  below  w ere 
i n i t i a t e d .
Two s e p a r a te  e x p e r im e n ts  h av e  b e e n  conduc ted  to  i n v e s t i g a t e
,Pth e  e f f e c t  o f anemone d i e t  on c o n su n ^ io n  r a t e .  The b a s ic  
m ethodo logy  o f b o th  e x p e r im e n ts  was th e  same a lth o u g h  th e  damp 
w e ig h t m easu rem en ts o f anemone t i s s u e s  i n  th e  f i r s t  e x p e rim e n t 
w ere  r e p la c e d  by w e ig h ts  u n d e r  w a te r  i n  th e  second e x p e rim e n t i n  
an  a tte m p t to  im prove w e ig h in g  a c c u ra c y .
MATERIALS AND METHODS.
C onsum ption  E x p e rim en t 1 (M a y -Ju n e ,1982)
F iv e  anemone s p e c ie s  w ere u sed  i n  t h i s  e x p e r im e n t, each  
t r e a tm e n t  g roup c o n ta in in g  f i v e  n u d ib ra n c h s  m a in ta in e d  on th e  
same anemone s p e c ie s  th ro u g h o u t  th e  e x p e r im e n t.
The fo llo w in g  anemone s p e c ie s  w ere u se d :
A c t in ia  e q u in a  (Red Morph)
A c t in ia  e q u in a  (G reen  Morph)
S a g a r t i a  t r o g lo d y te s  
M etrid iu m  s e n i l e  
U r t i c i n a  f e l i n a
Over th e  e x p e r im e n ta l  p e r io d  a n im a ls  w ere k e p t i n  in d iv id u a l  
p l a s t i c  mesh cag es  w hich w ere an ch o red  to  th e  bo ttom  o f an  
aquarium  ta n k , and th ro u g h  w hich  s e a w a te r  c o n s ta n t ly  f lo w e d . A l l
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a n im a ls  w ere s ta r v e d  f o r  24h b e fo r e  each  e x p e r im e n t. On th e  day 
o f a n  e x p e rim e n t t e n  s i m i l a r  s iz e d  t i s s u e  p ie c e s  w ere c u t  from 
in d iv i d u a l s  of each  o f th e  f i v e  anemone s p e c ie s .  Each p ie c e  o f 
t i s s u e ,  and a l l  of th e  n u d ib ra n c h s , w ere damp — w eighed a f t e r  
c a r e f u l  b l o t t i n g  w ith  f i l t e r  p a p e r .  E very  e f f o r t  was made to  
e n s u re  t h a t  each  t i s s u e  p ie c e  was c u t  from  th e  colum n o f th e  
anem one.
At th e  s t a r t  o f  th e  e x p e rim e n t a l l  o f th e  n u d ib ra n c h s  i n
e ach  t r e a tm e n t  g roup  w ere  p ro v id e d  w ith  a s in g l e  p ie c e  of
p re -w e ig h e d  anemone t i s s u e  o f th e  a p p r o p r ia te  anemone s p e c i e s .  
The rem a in in g  f i v e  p ie c e s  from  each  anemone w ere p u t i n to
i d e n t i c a l  i n d iv id u a l  p l a s t i c  mesh c ag es  to  p ro v id e  c o n t r o l s  f o r  
any  v a r i a t i o n s  i n  t i s s u e  w e ig h t t h a t  w ere  n o t a t t r i b u t a b l e  to  
n u d ib ra n c h  f e e d in g .
A f te r  24h a l l  t i s s u e  p ie c e s  w ere removed and re -w e ig h e d . 
Changes i n  th e  w e ig h t o f c o n t r o l  t i s s u e  p ie c e s  w ere  s u b t r a c te d  
from  th e  c o rre s p o n d in g  e x p e r im e n ta l  p ie c e  to  p ro v id e  a
‘c o r re c te d *  v a lu e  f o r  th e  w e ig h t o f t i s s u e  consum ed.
The co m p le te  e x p e rim e n t was re p e a te d  on se v e n  s e p a r a te  
o c c a s io n s  and th e  r e s u l t s  w ere p o o led  f o r  a n a ly s i s .
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C onsum ption  E x p erim en t 2 (M a rc h -A p ril 1983)
T h is  e x p e rim e n t was c o n d u c ted  i n  a  s i m i l a r  m anner to  
e x p e rim e n t 1 w i th  th e  fo llo w in g  e x c e p t io n s :
i )  The g re e n  morph o f  A .e q u in a  was n o t  u sed
i i )  Anemone t i s s u e  p ie c e s  w ere  w eighed  u n d e r w a te r  and c o n v e r te d  
t o  d ry  w e ig h ts  f o r  a n a l y s i s ,  u s in g  s p e c i e s - s p e c i f i c  w e ig h t u n d e r  
w a te r /d r y  w e ig h t c o n v e rs io n  f a c t o r s .  T hese w ere o b ta in e d  from  
l e a s t  s q u a re s  r e g r e s s io n s  o f u n d e r  w a te r  w e ig h t(y )  on d ry  
w e ig h t ( x ) .
i i i )  N u d ib ran ch s w ere  w eighed  o n ly  a t  th e  b e g in n in g  and th e  end 
o f th e  r e p l i c a t e  s e r i e s  o f  e x p e r im e n ts .
i v )  A l l  f i v e  n u d ib ra n c h s  i n  a  d i e t  t re a tm e n t  w ere i n d iv i d u a l l y  
m a in ta in e d  i n  a  s in g l e  2 ,5 1  ( 0 .5  g a l)  p l a s t i c  c o n ta in e r ,
p a r t i t i o n e d  i n to  f i v e  e q u a l p o r t io n s  and k e p t i n  a s e a w a te r  
c a s c a d e .
v ) The e x p e rim e n t was r e p e a te d  on f i v e  r a t h e r  th a n  se v en  
o c c a s io n s .
RESULTS.
E x p erim en t 1 .
T a b le  7 shows th e  an im a l w e ig h ts  and 'c o rre c te d *  am ounts o f 
t i s s u e  consumed i n  tw e n ty - f o u r  h o u rs  f o r  th e  se v en  r e p l i c a t e s  o f 
th e  e x p e r im e n t. M o llu sc  w e ig h t was v e ry  v a r i a b l e ,  a s  much a s  
d o u b lin g  o v e r th e  se v e n  r e p l i c a t e s  i n  some c a se s  ( e . g .  m o llu sc
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t h r e e  i n  th e  re d  A .e q u in a  t r e a tm e n t ) ,  and f a l l i n g  by up to  one 
t h i r d  betw een  two o b s e r v a t io n s  ( e . g . 1 2 th  -  1 5 th  F e b ru a ry  f o r  
m o llu sc  two i n  th e  U . f e l i n a  t r e a tm e n t ) .  The change i n  w e ig h t o f 
th e  c o n t r o l  anemone t i s s u e  p ie c e s  was l e s s  th a n  0 .0 5 g  f o r  a l l  
b u t t h r e e  r e a d in g s ;  m o llu s c  3 ( r e p l i c a t e  7 ) fe e d in g  on M .s e n i l e ; 
m o llu sc  4 ( r e p l i c a t e  3 )  f e e d in g  on S . t r o g l o d y t e s , and m o llu sc  1 
( r e p l i c a t e  6 ) fe e d in g  on re d  A .e q u in a . The changes i n  c o n t r o l  
t i s s u e  w e ig h t f o r  th e s e  d a ta  p o in t s  w ere  -K ).1143g, -0 .1 1 6 1 g  and
+ 0 .0 7 3 g  r e s p e c t i v e ly .  I n  v iew  of th e  m agn itude  o f  change i n  
th e s e  r e a d in g s ,  com pared to  a l l  o t h e r s ,  i t  seems l i k e l y  t h a t  an  
e r r o r  was made i n  r e c o rd in g  th e s e  w e ig h ts  ( p o s s ib ly  by O .lg  i n  
e ach  c a s e ) .  The d a ta  s e t  h a s ,  t h e r e f o r e ,  been  a n a ly s e d  b o th  
in c lu d in g  and e x c lu d in g  th e s e  d a t a .
T ab le  8 shows th e  mean co n su m p tio n  r a t e s ,  and t h e i r  
a s s o c ia te d  s ta n d a rd  e r r o r s ,  f o r  each  t r e a tm e n t ,  w i th  and w ith o u t 
th e  s u s p e c te d  d a t a .  The two v a lu e s  o f  C o c h ra n 's  t e s t  s t a t i s t i c  
shown a t  th e  bo ttom  o f th e  t a b l e  b o th  i n d i c a t e  t h a t  t h e r e  i s  a 
m arked d e p a r tu r e  from  th e  n u l l  h y p o th e s is  o f homogeneous 
v a r ia n c e s  ( s e e  U nderw ood,1 9 8 2 ) . T hus, one o f th e  a ssu m p tio n s  o f 
a  p a ra m e tr ic  ANOVA i s  v i o l a t e d .  L o g - tr a n s fo rm a t io n  o f th e s e  d a ta  
do es  n o t im prove t h i s  s i t u a t i o n .  In  v iew  o f t h i s  a 
n o n -p a ra m e tr ic  s i n g l e - f a c t o r  ANOVA ( th e  K ru s k a l-W a llis  t e s t )  was 
p e rfo rm e d . I f  a  p a ra m e tr ic  t e s t  had been  p e rm itte d  f o r  th e s e  
d a t a ,  a  tw o - f a c to r  ANOVA w ould have been  th e  m ost a p p r o p r ia t e  
w i th  b o th  m o llu sc  w e ig h t and d i e t  t r e a tm e n t  a s  f a c t o r s .  T here  
i s ,  u n f o r t u n a te ly ,  no n o n -p a ra m e tr ic  e q u iv a le n t  to  th e  tw o - f a c to r  
ANOVA and th u s ,  m o llu sc  w e ig h t c o u ld  n o t be in c lu d e d  i n  th e
T a b le  8 . Mean co n su m p tio n  r a t e s  f o r  co m p le te  and t r u n c a te d  d a ta  s e t s  
i n  fe e d in g  e x p e rim e n t 1 ( t  1 s . e . )
D ie t
AEQR
AEQG
STRO
MSEN
URFE
Cochran* s 
T e s t  S t a t i s t i c
C om plete D ata  S e t  
Mean C onsum ption  R a te
-1(g  e a te n  24h )
0.0567 ( t o . 00467) 
0.0582 ( t o . 00446)  
0.0764 (±0.00776)  
0.0442 (£0.00719)  
0.0515 (£0.00404)  
0.3542**
T ru n c a te d  D ata  S e t 
Mean C onsum ption  R a te
-T(g  e a te n  24h )
0.0540 ( t o . 00386) 
0.0582 ( t o . 00446) 
0.0814 ( t o . 00612 ) 
0.0471 ( t o . 00725)  
0.0515 ( t o . 00404)  
0.37004**
A s te r i s k s  d e n o te  c o n v e n tio n a l  s i g n i f i c a n c e  l e v e l .
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m odel. C le a r ly  t h i s  f a c t o r  may a f f e c t  consum ption  r a t e s  and th e  
c o n seq u en ces  o f i t s  e x c lu s io n  from  th e  a n a ly s i s  a r e  d is c u s s e d  
f u r t h e r  below .
The outcom e of th e  K ru s k a l-W a ll is  t e s t  i s  th e  r e j e c t i o n  o f 
th e  n u l l  h y p o th e s is  o f e q u a l i t y  o f co n su m p tio n  r a t e s  be tw een  a l l  
o r  some o f th e  d i e t  t r e a tm e n ts  (K = 2 6 .5 4 7 9 9 , p < 0 .0 0 1 , c r i t i c a l  
v a lu e  = 1 8 .4 6 7 , f o r  th e  t r u n c a te d  d a ta  s e t ) .  T h is  outcom e 
rem ain s  unchanged i f  th e  c o m p le te  d a ta  s e t  i s  u s e d . I n  o r d e r  to  
d e te rm in e  w hich d i e t  t r e a tm e n ts  d i f f e r  s i g n i f i c a n t l y  from  one 
a n o th e r ,  a s e t  o f  t e n  M ann-W hitney U - t e s t s  w ere pe rfo rm ed  betw een  
a l l  p a i r s  o f t r e a tm e n ts .
T a b le  9 shows th e  r e s u l t s  o f  th e s e  t e s t s  f o r  th e  t ru n c a te d  
d a ta  -  th e  outcom e u s in g  th e  co m p le te  d a ta  s e t  i s  th e  sam e. The 
r e s u l t s  show t h a t  M .s e n i le  was consumed a t  a  s i g n i f i c a n t l y  s lo w e r  
r a t e  th a n  S . t r o g l o d y t e s , red  A .e q u in a  o r  g re e n  A .e q u in a . 
F u r th e rm o re , S . t r o g lo d y te s  was consumed a t  a  f a s t e r  r a t e  th a n  
U. f e l i n a . T h is  outcom e i s  somewhat in c o n c lu s iv e ,  p e rh a p s  f o r  two 
m a jo r  r e a s o n s .  F i r s t ,  i t  was f e l t  t h a t  th e  dam p-w eighing 
p ro c e d u re  m igh t have in c u r r e d  g r a v im e t r ic  e r r o r s  and s e c o n d ly , 
t h e r e  w as, p e rh a p s , in a d e q u a te  r e p l i c a t i o n .  The m ost p ro b a b le  
p a t t e r n ,  how ever, i s  t h a t  S . t r o g l o d y t e s  = g re e n  A .e q u in a  = red  
A. e q u in a  > U . f e l i n a  = M. s e n i l e . I t  was i n  v iew  o f t h i s  
in c o n c lu s iv e  r e s u l t  t h a t  e x p e r im e n t 2 was c o n d u c te d .
T a b le  9 . The r e s u l t s  M ann-W hitney U - t e s t s  betw een  a l l  p a i r s  o f 
means f o r  f e e d in g  e x p e rim e n t 1
C a lc u la te d  V a lu es  o f th e  M ann-W hitney U - s t a t i s t i c
AEQG 665
STRO 874 866
MSEN 4 2 3 .5 * 425* 242 .5***
URFE 5 6 2 .5 5 1 9 .5 292 .5***  705
AEQR AEQG STRO MSEN
A s te r i s k s  d e n o te  c o n v e n tio n a l  s ig n i f i c a n c e  l e v e l
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E x p erim en t 2 .
T a b le  10 shows th e  d ry  w e ig h ts  o f  anemone t i s s u e  consumed i n  
tw en ty  f o u r  h o u r s ,  p r e d ic te d  from  w e ig h ts  u n d e r w a te r  u s in g
s p e c i e s - s p e c i f i c  w e t /d ry  w e ig h t c o n v e rs io n  f a c t o r s .
F o r  th e  i n i t i a l  a n a ly s i s  th e  d a ta  f o r  a l l  r e p l i c a t e s  o f each  
d i e t  t re a tm e n t  w ere p o o led  and a  s i n g l e - f a c t o r  ANOVA was
p e rfo rm e d . C och ran ’ s t e s t  f o r  non-hom ogeneity  o f v a r ia n c e s  was 
p e rfo rm ed  p r i o r  to  th e  ANOVA and no marked d e p a r tu r e  from  
hom ogeneity  o f v a r ia n c e s  was d e te c te d  (C = 0 .3 0 7 3 , c r i t i c a l  v a lu e  
= 0 .4 0 0 , p= 0 .05  w i th  K=4 tre a m e n ts  and 25 d . f . ) .
T a b le  11 shows th e  mean co n su m p tio n  r a t e s  f o r  each  d i e t  and 
th e  r e s u l t s  o f th e  s in g l e  f a c t o r  ANOVA. T h is  t e s t  i n d i c a t e s  t h a t  
th e  n u l l  h y p o th e s is  o f  e q u a l i t y  o f consum ption  r a t e s  on each  
anemone d i e t  c a n n o t be r e j e c t e d .  The a ssu m p tio n  o f  norm al 
d i s t r i b u t i o n  o f e r r o r  te rm s was no t t e s t e d  b u t no marked
d e p a r tu r e  from  n o rm a lity  was a p p a re n t ;  th e  exam ple o f Underwood 
(1 9 8 2 ) i s  fo llo w e d  i n  t h i s  r e s p e c t ,  who c o n c lu d e s  t h a t  " i t  seems 
s a f e  to  d i s r e g a r d  th e  a s su m p tio n  o f n o rm a lity  u n le s s  v e ry  g ro s s  
v i o l a t i o n s  a r e  a c t u a l l y  e v id e n t  i n  th e  d a t a " . E x a m in a tio n  o f th e  
e x p e r im e n ta l  d e s ig n  shows t h a t  sam p les  w ere in d e p e n d e n tly  draw n.
-1T a b le  10. C o r re c te d  d ry  w e ig h ts  o f t i s s u e  consumed 24b i n  fe e d in g  
e x p e rim e n t 2 .
R e p l ic a te  Number (w ith  D a te )
D ie t
AEQR
STRO
MSEN
URFE
M o llu sc 1 2 3 4 5
Number 1 8 .0 3 .8 3 2 1 .0 3 .8 3 3 0 .0 3 .8 3 0 8 .0 4 .8 3 1 4 .0 4 .8 3
1 6 3 .5 * — 1 1 1 8 3 .5 119 .9 9 6 .0 *
2 2 5 .3 3 9 .5 2 1 .5 4 2 .0 105 .9
3 4 1 .0 3 0 .5 4 0 .0 7 3 .5 7 1 .5
4 1 .5 + 4 .5 + 6 .5 1 6 .0 1 7 .0
5 2 5 .5 — — 2 2 .5 3 7 .0 4 2 .5
1 4 4 .8 * 5 0 .1 * 2 0 .7 3 .1 10 0 .2 *
2 3 6 .9 3 0 .8 7 9 .1 * 4 0 .9 9 0 .6 *
3 4 5 .7 4 1 .3 + 0 . 4 3 2 .5 * 6 5 .9 *
4 2 9 .5 1 .7 1 5 .8 2 7 .7 * 5 3 .6 *
5 1 7 .6 1 1 .4 1 .7 1 6 .7 4 0 .9
1 4 0 .6 * 6 1 .5 8 9 .8 * 7 1 .1 * 1 1 4 .0 *
2 + 8 .5 1 7 .5 1 3 .0 0 .6 6 5 .5
3 + 4 .5 + 1 1 .8 2 0 .3 2 4 ,8 4 5 .7
4 2 3 .7 0 .0 + 1 3 .0 0 .6 6 5 .5
5 1 .7 + 1 1 .8 9 .6 1 1 .8 * 4 5 .2
1 2 0 .3 7 0 .5 19 .7 6 7 .5 7 5 .3
2 1 6 .1 4 3 .6 4 1 .8 1 0 3 .4 3 6 .5
3 3 .6 3 1 .1 3 7 .0 5 3 .2 4 1 .2
4 1 1 .9 — —— 5 4 .4 3 9 .4 5 0 .2
5 + 3 . 6 1 .8 2 1 .5 2 3 .9
+ D eno tes a n  in c r e a s e  i n  c o r r e c te d  t i s s u e  w e ig h t
* D eno tes  co m p le te  c o n su m p tio n  o f  t i s s u e  b e fo re  th e  end o f th e  e x p e rim e n t
T a b le  11. Group M eans, V a r ia n c e s ,  and th e  r e s u l t s  o f a  S in g le - F a c to r  
ANOVA f o r  fe e d in g  e x p e rim e n t 2 .
D ie t  T rea tm en t
AEQR
STRO
MSEN
URFE
Mean Consum pton 
(mg Dry Wt)
4 3 .7  
35 .952  
25 .624  
37 .4043
V a ria n c e
1182.62
728.352
1147.285
674.950
C o ch ran ’ s T e s t S t a t i s t i c  = 1147 .285  /  3733.207
= 0 .3 0 3 7  N .S . ( C r i t i c a l  V alue  0 .3 7 2 0 )
No m arked d e p a r tu r e  from  hom ogeneity  o f v a r ia n c e s  i s  d e te c te d
S co u rce  o f V a r ia t io n Sum of S q u a res  D egrees Mean Sum
o f o f
Freedom  S q u a res
F - r a t i o
Among T re a tm e n ts  
W ith in  T re a tm e n ts  
T o ta l
4 .1 2  X 10'
9 .0 4  X 10
9 .4 5 2  X 10
3
92
95
1 .376  X 10'
9 .8 2 6  X 10'
1 .4 0  N.S
J
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T ab le  12 shows th e  r e s u l t s  o f a  tw o - f a c to r  a n a ly s i s  of 
c o v a r ia n c e  p e rfo rm ed  by Dr A .D .G ordon, Dept o f S t a t i s t i c s ,  
U n iv e r s i ty  o f S t.A n d rew s, w i th  d i e t  t r e a tm e n t  and te m p e ra tu re  a s  
f a c t o r s  and m o llu sc  i n i t i a l  and f i n a l  w e ig h ts  a s  c o - v a r i a t e s .  
The r e s u l t s  o f t h i s  a n a ly s i s  once a g a in  i n d i c a t e  t h a t  t h e r e  a r e  
no d i f f e r e n c e s  i n  th e  c o n su m p tio n  r a t e s  f o r  n u d ib ra n c h s  fe e d in g  
on d i f f e r e n t  anemone d i e t s .  I t  can  be s e e n  from  T a b le  10, 
h ow ever, t h a t  i n  n in e  o u t o f  th e  25 v a lu e s  o b ta in e d  f o r  
co n su m p tio n  on S . t r o g l o d y t e s , th e  t i s s u e  was c o m p le te ly  e a te n  a t  
th e  end of th e  e x p e r im e n t . T hus, th e  co n su m p tio n  v a lu e s  f o r  t h i s  
s p e c ie s  a r e  l i k e l y  to  have  b e e n  u n d e r - e s t im a te d .
The r e s u l t s  o f  e x p e r im e n ts  1 and 2 le a v e  c o n c lu s io n s  
r e g a rd in g  th e  r a t e  o f c o n su m p tio n  o f anemone s p e c ie s  somewhat 
e q u iv o c a l .  I n  v iew  o f th e  c o n f l i c t i n g  r e s u l t s  be tw een  th e  two 
e x p e r im e n ts , how ever, i t  i s  c l e a r  t h a t  any d i f f e r e n c e s  w hich do 
o b ta in  a r e  n o t o f g r e a t  m a g n itu d e . On th e  b a s i s  o f th e s e  
r e s u l t s ,  t h e r e f o r e ,  i t  w ould a p p e a r  t h a t  s p e c i e s - s p e c i f i c  r a t e s  
o f  co n su m p tio n  a r e  u n l ik e ly  to  be im p o r ta n t  f a c t o r s  i n  th e  
d e c i s io n  r u le s  w hich a r e  e x p e c te d  to  g o v e rn  A .p a p i l lo s a  
p r e d a t io n .
DISCUSSION.
The o b je c t iv e  o f  th e  above e x p e r im e n ts  was to  d e t e c t  d i f f e r e n c e s  
i n  th e  co n su m p tio n  r a t e s  o f  n u d ib ra n c h s  i n  r e l a t i o n  to  anemone 
d i e t .  A lth o u g h  th e  p a t t e r n  w hich  em erges from  th e  r e s u l t s  i s
T a b le  12. R e s u l ts  o f a  T w o -F ac to r A n a ly s is  o f C o v a ria n c e  ( d i e t  and
te m p e ra tu re  a s  f a c t o r s ,  i n i t i a l  and f i n a l  m o llu sc  w e ig h t a s  
c o - v a r i a t e s )  f o r  e x p e rim e n t 2 .
S o u rce  o f V a r ia t io n Sum o f S q u a res D egrees Mean Sum
of of
Freedom S q u ares
B etw een Groups 8 .3  X 10^ 3 2 .7 6 6  X 10
(w ith  c o - v a r i a t e s ) AW ith in  Groups 3 .3084  X 10 86 3 .8 4 7  X 10
(w ith  c o - v a r i a t e s ) AT o ta l 3 .3 9 1  X 10 89
F - r a t i o
0 .71  N.S
; A l l  anemone d i e t s  a r e  consumed a t  e q u a l r a t e s  -  c a n n o t be r e j e c t e d
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somewhat e q u iv o c a l ,  i t  i s  a p p a re n t  t h a t  th e  m agn itude  o f any 
d i f f e r e n c e s  w hich  do o b ta in  a r e  s m a ll  and o f te n  o b scu red  by an  
o v e r a l l  v a r i a b i l i t y  i n  c o n su m p tio n  r a t e s .  T hus, i t  i s  r e a s o n a b le  
t o  co n c lu d e  t h a t  th e  t e x t u r a l  p r o p e r t i e s  o f th e  anemone t i s s u e s  
u sed  i n  th e s e  e x p e rim e n ts  do n o t have  a d i f f e r e n t i a l  e f f e c t  on
th e  a b i l i t y  o f n u d ib ra n c h s  to  consume them .
I n  v iew  o f th e  p o s s ib l e  u n d e r e s t im a t io n  o f S . t r o g lo d y te s  
co n su m p tio n  i n  e x p e rim e n t 2 , and th e  h ig h  p o s i t i o n  o f t h i s  
s p e c ie s  i n  e x p e rim e n t 1 , th e  p o s s i b i l i t y  rem ain s  t h a t  t h i s
s p e c ie s  i s  consumed a t  a  s i g n i f i c a n t l y  f a s t e r  r a t e  th a n  th e
t i s s u e s  o f o th e r  anemone s p e c i e s .  I n  v iew  o f  i t s  s m a ll  s i z e ,  
h o w ev er, any e n e r g e t i c  a d v a n ta g e  t h a t  may a c c ru e  from  such  an  
a b i l i t y  i s  l i k e l y  to  be b a la n c e d  by th e  n e c e s s a r i l y  f r e q u e n t  
in v e s tm e n t  o f tim e  a n d /o r  e n e rg y  i n  s e e k in g -o u t  a n o th e r  p re y  
i te m . F u r th e rm o re , th e  c a l o r i f i c  a n a ly s e s  d e s c r ib e d  i n  c h a p te r  2 
i n d i c a t e  t h a t  S . t r o g lo d y te s  i s ,  i n  g ro s s  c a l o r i f i c  te rm s , th e  
l e a s t  v a lu a b le  o f a l l  th e  s p e c ie s  s tu d i e d .
The i n a b i l i t y  to  in c lu d e  m o llu sc  w e ig h t i n  th e  s t a t i s t i c a l  
m odel f o r  e x p e rim e n t 1 i s  l i k e l y  to  have c o n t r ib u te d  to  th e  
d i f f i c u l t i e s  i n  th e  i n t e r p r e t a t i o n  o f th e s e  r e s u l t s .  T ab le  7 
shows t h a t  m o llu s c s  i n  th e  M. s e n i l e  t r e a tm e n t  g roup w ere somewhat 
s m a l le r  th a n  th o s e  i n  th e  o th e r  g ro u p s . T h is  f a c t o r  may have 
c o n t r ib u te d  to  th e  lo w e r c o n su m p tio n  r a t e  o b se rv e d  on t h i s  
s p e c i e s .  In c lu d in g  m o llu sc  w e ig h t a s  a  c o - v a r i a t e  i n  e x p e rim e n t 
2 d id  im prove th e  m o d e l 's  d e s c r i p t i o n  o f th e  d a t a ,  th u s  
s u p p o r t in g  th e  h y p o th e s is  t h a t  co n su m p tio n  r a t e  i s  s i z e - r e l a t e d .
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The d a ta  c o l l e c t e d  i n  th e s e  e x p e r im e n ts  a r e ,  how ever, to o  
v a r i a b l e  to  d e f in e  a  c l e a r  m o llu sc  s iz e -c o n s u m p tio n  r a t e  
r e l a t i o n s h i p .  In d e e d , t h i s  v a r i a b i l i t y  may, i n  i t s e l f ,  be an  
im p o r ta n t  f a c t o r  i n  th e  o v e r a l l  consum ption  p a t t e r n s  o f t h i s  
s p e c ie s  and may i n d i c a t e  th e  a b sen c e  o f any s to n g  s e l e c t i o n  
p r e s s u r e  to  m axim ise th e  r a t e  o f t i s s u e  i n ta k e .  C le a r ly ,  th e s e  
e x p e r im e n ts  have o n ly  e f f e c te d  a t e s t  f o r  d i f f e r e n c e s  i n  th e  r a t e  
o f consum ption  o f anemone t i s s u e s ;  th e y  ta k e  no a c c o u n t o f th e  
d e fe n s iv e  a n d /o r  e sc a p e  re s p o n s e s  o f  i n t a c t  p re y  i te m s .  On th e  
b a s i s  o f th e s e  r e s u l t s ,  t h e r e f o r e ,  i t  i s  re a s o n a b le  t o  s u g g e s t  
t h a t  any d i f f e r e n c e s  i n  c o n su m p tio n  r a t e  t h a t  a r e  d e te c te d  
b e tw een  i n t a c t  anemone s p e c ie s  a r e  a t t r i b u t a b l e  to  b e h a v io u ra l  
f a c t o r s  and c h em ica l d e f e n s iv e  re s p o n s e s  t h a t  w ere o b v ia te d  by 
th e  p r e s e n t a t i o n  o f c u t  t i s s u e  p i e c e s .
E x p e rim en ts  on s p e c i e s - s p e c i f i c  consum ption  r a t e s  f o r  w hole 
anemones have  n o t been  a t te m p te d .  The v a r i a t i o n s  i n  co n sum ption  
r a t e s  be tw een  r e p l i c a t e s  and in d iv i d u a l s  i n  th e  above e x p e rim e n ts  
a r e  c e r t a i n  to  be in c r e a s e d  c o n s id e ra b ly  f o r  i n t a c t  p re y  
i n d i v i d u a l s .  F u r th e rm o re , s i z e  d i f f e r e n c e s  be tw een  anemone 
s p e c ie s  would in v o lv e  y e t  a n o th e r  v a r i a b l e  to  be r e s o lv e d ;  th e  
r e p l i c a t i o n  r e q u i r e d  to  s u f f i c i e n t l y  r e s o lv e  th e  p a t t e r n s  o f 
co n su m p tio n  w ith  i n t a c t  anem ones w as, t h e r e f o r e ,  c o n s id e re d  
p r o h i b i t i v e  w i th in  th e  c o n te x t  o f  t h i s  s tu d y .
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THE EFFECT OF GROUP FEEDING ON CONSUMPTION RATE IN A.PAPILLOSA ( L .)
I t  has lo n g  been  n o ted  t h a t  A .p a p i l lo s a  a r e  more s t r o n g ly  
a t t r a c t e d  to  damaged o r  wounded anemones (Braam s & G e e le n ,1 9 5 3 ) . 
The p r e s e n t  e x p e r im e n t, how ever, was prom pted by th e  o b s e r v a t io n  
t h a t  n u d ib ra n c h s  m a in ta in e d  i n  g ro u p s  o f te n  fee d  to g e th e r  on a 
s in g l e  c u t p ie c e  o f anemone t i s s u e  when more th a n  one c u t  p ie c e  
was a v a i l a b l e .  The p r e s e n t  e x p e rim e n t w as, t h e r e f o r e ,  d e s ig n e d  
i n  o rd e r  to  a s c e r t a i n  w h e th e r  i n d iv id u a l  n e t  co n su m p tio n  r a t e  was 
d e c re a s e d  (by  i n t e r f e r e n c e )  o r  ( f o r  a s  y e t  u n c e r t a i n  r e a s o n s )  
i n c r e a s e d .  I t  i s  p o s s ib l e ,  f o r  exam p le , t h a t  i n d iv i d u a l s  a tte m p t 
t o  o u t-co m p ete  o th e r s  by s h a r in g  an  i te m  d e s p i t e  th e  p re s e n c e  o f 
o th e r  a v a i l a b l e  p re y .
MATERIALS AND METHODS.
T hroughout t h i s  e x p e r im e n t , two g roups (A and B) o f f i v e  
s i m i l a r l y  s iz e d  n u d ib ra n c h s  w ere  m a in ta in e d  on th e  re d  morph of 
A .e q u in a  s in c e  t h i s  was th e  m ost a v a i l a b l e  s p e c i e s .  A l l  a n im a ls  
w ere s ta r v e d  f o r  th e  24h p re c e d in g  each  r e p l i c a t e  e x p e r im e n t. I n  
e ach  r e p l i c a t e  th e  n u d ib ra n c h s  o f one g roup w ere m a in ta in e d  as 
s e p a r a te  in d iv id u a l s  and p ro v id e d  w ith  a  s in g l e  p re -w e ig h e d  p ie c e  
o f A .e q u in a . The n u d ib ra n c h s  i n  th e  second  group w ere n o t 
s e p a r a te d  and w ere p ro v id e d  w ith  a  s in g l e  l a r g e  p ie c e  o f 
p re -w e ig h e d  A .e q u in a . A p p r o p r ia te ly  s iz e d  c o n t r o l  p ie c e s  w ere 
u sed  to  m easu re  any w e ig h t ch an g es t h a t  w ere n o t a  consequence  o f 
f e e d in g .  A l l  t i s s u e  p ie c e s  w ere w eighed u n d e r w a te r  and
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c o n v e r te d  to  d ry  w e ig h ts  f o r  a n a ly s i s  u s in g  th e  c o n v e rs io n  f a c t o r  
o b ta in e d  i n  e x p e rim e n t 2 a b o v e .
I n  th e  su c c e e d in g  r e p l i c a t e  e x p e rim e n t th e  two g ro u p s w ere 
swapped so  t h a t  th e  n u d ib ra n c h s  w hich w ere p r e v io u s ly  grouped  
w ere  now k e p t  a s  i n d iv i d u a l s  and v ic e  v e r s a . The e x p e rim e n t was 
r e p e a te d  t e n  t im e s  so  t h a t  ea ch  g roup  was t e s t e d  b o th  as
i n d iv i d u a l s  and a s  a  g roup  on f i v e  o c c a s io n s .  The r e s u l t s  f o r
in d iv id u a l s  and g ro u p s  w ere p o o led  f o r  th e  a n a ly s i s .
RESULTS.
T a b le  13 p r e s e n t s  th e  c o r r e c te d  w e ig h ts  o f red  A. e q u in a  
consumed i n  th e  e x p e r im e n ts .  E x a m in a tio n  o f th e s e  d a ta  shows 
t h a t ,  i n  se v e n  o f th e  t e n  co m p ariso n s  o f ‘in d iv id u a l*  v e r s u s  
’g ro u p * co n su m p tio n , s e p a r a te d  in d iv id u a l s  consumed m ore fo o d . 
The m agn itude  o f d i f f e r e n c e  was v e ry  v a r i a b l e  and on th e  b a s i s  o f 
th e s e  r e s u l t s  t h e r e  i s  no e v id e n c e  f o r  any num ber-m edia ted  
co n su m p tio n  e f f e c t s .  The raw  d a ta  a r e  s u f f i c i e n t l y  c l e a r  to  
r e n d e r  fo rm al s t a t i s t i c a l  a n a ly s i s  u n n e c e s s a ry .
DISCUSSION.
The r e s u l t s  o f t h i s  e x p e r im e n t c l e a r l y  do n o t s u p p o r t  th e  
h y p o th e s is  t h a t  g roup  fe e d in g  re s p o n s e s  r e s u l t  i n  an  o v e r a l l  
d e c re a s e  i n  th e  r a t e  o f food  co n su m p tio n . N e i th e r  do th e y
i n d i c a t e  any in c r e a s e  i n  co n su m p tio n  r a t e  as  a  r e s u l t  o f
c o - o p e r a t iv e  e f f e c t s  b e tw een  i n d i v i d u a l s .
T a b le  13. C o r re c te d  d ry  w e ig h ts(m g ) o f A .e q u in a  ( re d  morph) consumed 24h 
f o r  n u d ib ra n c h s  a s  i n d i v i d u a l s  and I n  g roups
Group A
R e p l ic a te  No 1 2 3 4 5
D ate 1 9 .0 4 .8 3
I n d iv id u a l  C onsum ption 
3 0 .0 4 .8 3  1 7 .0 5 .8 3  2 4 .0 5 .8 3 1 0 .0 6 .8 3
Temp°C 6 .0 8 .0 8 .7 1 0 .9 1 1 .0
2 1 .4 9 .9 124 .4 3 5 .3 8 2 .1
2 3 .9 2 2 .9 6 3 .7 4 5 .3 3 5 .8
1 9 .9 2 5 .4 3 9 .3 5 8 .7 4 4 .8
1 7 .4 1 5 .4 1 1 .4 + 4 4 .3 5 9 .7
2 3 .4 1 9 .9 4 8 .7 + 0 .5 + 3 .0
1 0 6 .0 109 .4 2 8 7 .5 9 4 .5 2 2 2 .4
D ate 2 6 .0 4 .8 3
Group 
0 4 .0 5 .8 3
C onsum ption 
2 1 .0 5 .8 3  2 9 .0 5 .8 3 1 3 .0 6 .8 3
Temple 7 .2 7 .6 9 .7 9 .2 1 0 .0
1 0 5 .5 4 8 .7 9 9 .0 254 .7 1 4 0 .3
Group B
R e p l ic a te  No 1 2 3 4 5
D ate 2 6 .0 4 .8 3
I n d iv id u a l  C onsum ption 
0 4 .0 5 .8 3  2 1 .0 5 .8 3  2 9 .0 5 .8 3 1 3 .0 6 .8 3
Temple 7 .2 7 .6 9 .7 9 .2 1 0 .0
8 .9 1 8 .9 3 4 .8 6 1 .7 6 5 .7
+ 0 .5 9 .9 5 5 .2 3 9 .3 2 7 .8
1 3 .4 4 .5 4 0 .8 2 0 .4 2 8 .8
5 .5 5 .5 2 0 .9 8 2 .1 5 5 .2
3 .0 1 6 .9 2 1 .9 2 0 .4 4 2 .3
3 0 .3 5 5 .7 173 .6 2 2 3 .9 2 1 9 .8
D ate 1 9 .0 4 .8 3
Group
3 0 .0 4 .8 3
1 C onsum ption 
1 7 .0 5 .8 3  2 4 .0 5 .8 3 1 0 .0 6 .8 3
Temple 6 .0 8 .0 8 .7 1 0 .9 1 1 .0
3 3 .8 8 3 .9 142 .3 8 9 .0 104 .5
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T h is  outcom e o n ly  h o ld s  w ith  r e s p e c t  to  t i s s u e  p i e c e s ,  t h a t  
i s ,  from  th e  p o in t  a t  w hich th e  i n t a c t  anemones* d e fe n c e s  have 
b e e n  overcom e. I t  i s  l i k e l y  t h a t  n u d ib ra n c h s  a r e  a t t r a c t e d  to  
damaged anemones o r  th o se  upon w hich o th e r  n u d ib ra n c h s  a r e  
f e e d in g  b ecau se  th e  'c o s ts *  o f overcom ing d e fe n s iv e  a d a p ta t io n s  
a r e  red u ced  when a t t a c k in g  an  a l r e a d y  p a r t i a l l y  d i s a b le d  p re y . 
S in c e  group fe e d in g  has  no e f f e c t  on  consum ption  r a t e  a f t e r  th e  
anemone i s  subd u ed , such  a  h y p o th e s is  w ould be c o n s i s t e n t  w ith  
th e  r e s u l t s  o f th e  above e x p e r im e n ts . D e ta i le d  and e x te n s iv e  
o b s e r v a t io n  o f a t t a c k s  by i n d iv i d u a l s  and g roups o f n u d ib ra n c h s  
w o u ld , how ever, be r e q u i r e d  b e fo r e  such  a h y p o th e s is  c o u ld  be 
s u b s t a n t i a t e d .
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THE EFFECTS OF ANEMONE DIET ON ASSIMILATION EFFICIENCY
I n  t h i s  s tu d y  a s s i m i l a t i o n  e f f i c i e n c i e s  have been
g r a v i m e t r i c a l l y  d e te rm in e d  by com paring th e  in o rg a n ic  ash  
com ponent o f th e  food  consumed and th e  f a e c e s  p ro d u ce d .
A s s im i la t io n  E f f i c ie n c y  i s  g iv e n  by th e  r a t i o ;
0F -  d)C
0F(1 -  (^C)
w h ere ; (|)C = th e  w e ig h t f r a c t i o n  o f a sh  i n  th e  food  (anem one) 
consumed -  g iv e n  a s  % in o r g a n ic  a sh  i n  t a b l e  3 , and
(j)F = th e  w e ig h t f r a c t i o n  o f a sh  i n  th e  f a e c e s  ( s e e  
C r i s p ,1 9 7 1 ).
I t  sh o u ld  be n o te d  t h a t  a s s i m i l a t i o n  e f f i c i e n c y  can  be o b ta in e d  
w ith o u t m easu rin g  e i t h e r  th e  r a t e s  of i n g e s t io n  o r  e g e s t i o n .  
T h is  m ethod has  b een  u sed  by C onover (1966) to  m easu re  th e  
a s s i m i l a t i o n  e f f i c i e n c i e s  o f co p e p o d s , and by C a re fo o t (1967) to  
m easu re  food  consum ption  i n  th e  n u d ib ra n c h  A rc h id o r is  p se u d o arg u s  
(R a p p ) .
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MATERIALS AND METHODS.
The in o rg a n ic  a sh  f r a c t i o n s  o f th e  anemone s p e c ie s  w ere 
p re s e n te d  i n  T ab le  3 , and a r e  used  i n  th e  c a lc u l a t i o n s  h e r e .  
The in o rg a n ic  ash  f r a c t i o n  o f th e  f a e c e s  o f  a n im a ls  fe e d in g  on 
d i f f e r e n t  anemone d i e t s  w ere o b ta in e d  from c o l l e c t e d  f a e c a l  
m a t e r i a l  p roduced  by th e  n u d ib ra n c h s  from  th e  g row th  e x p e rim e n ts  
d e s c r ib e d  i n  c h a p te r  3 .
F a e c es  w ere e a s i l y  i d e n t i f i a b l e  i n  th e  e x p e r im e n ta l  cages 
and c o u ld  be draw n i n to  a  p i p e t t e  and d ropped  in to  0.9% Ammonium 
F orm ate  to  remove s u r f a c e  s a l t s .  A f te r  w ashing i n  t h i s  m anner 
th e  f a e c e s  w ere p la c e d  on i n d i v i d u a l ,  p re -w e ig h ed  a lum inium  pans 
and f r e e z e - d r i e d .  The in o r g a n ic  a sh  f r a c t i o n  was th e n  d e te rm in e d  
i n  th e  s ta n d a rd  m anner a f t e r  i n c i n e r a t i o n  i n  a  m u ff le  fu rn a c e  a t  
550°G f o r  4 h . F i f t e e n  r e p l i c a t e  a sh  d e te rm in a t io n s  w ere  o b ta in e d  
f o r  a n im a ls  fe e d in g  on each  o f th e  anemone d i e t s ,  w i th  th e  
e x c e p t io n  o f M .s e n i l e - m a in ta in e d  a n im a ls ,  from  w hich o n ly  e ig h t  
f a e c e s  c o u ld  be c o l l e c t e d .  Only c l e a r l y  i d e n t i f i a b l e ,  
i n t e g r a t e d ,  f a e c e s  w ere c h o se n  f o r  a n a ly s i s ,  a l l  of w hich w ere 
c o l l e c t e d  w i th in  24h o f p r o d u c t io n .  C a re fo o t (1967) compared th e  
c o n c e n t r a t io n  o f n i t r o g e n  i n  f r e s h  fa e c e s  from  th e  o p is th o b ra n c h  
A p ly s ia  p u n c ta ta  (C u v ie r )  w i th  f a e c e s  w hich had b een  i n  s e a w a te r  
a t  15°C f o r  12 , 24 and 48h s in c e  e x c r e t i o n .  The t o t a l  l o s s  o f
n i t r o g e n  o v e r 48h was o n ly  3% o f th e  o r i g i n a l  c o n c e n t r a t io n ,  a  
v a lu e  w e l l  w i th in  th e  v a r i a b i l i t y  in h e r e n t  i n  th e  a n a l y s i s .  I t  
i s  u n l ik e ly  t h a t  such  e r r o r s ,  a s s o c ia te d  w ith  th e  b a c t e r i a l
58
d e g r a d a t io n  o f f a e c e s ,  a r e  any g r e a t e r  th a n  3% i n  th e  p r e s e n t  
s tu d y .
Owing to  th e  r e l a t i v e  d i f f i c u l t y  i n  o b ta in in g  q u a n t i t i e s  of 
c l e a r l y  i d e n t i f i a b l e  f a e c e s ,  no a c c o u n t was ta k e n  o f  i n d iv id u a l  
v a r i a t i o n s  i n  a s s i m i l a t i o n  e f f i c i e n c y .
RESULTS.
T ab le  14 shows th e  a s s i m i l a t i o n  e f f i c i e n c i e s  ( e x p re s s e d  a s  a  
p e rc e n ta g e )  c a lc u la t e d  f o r  i n d iv i d u a l  f a e c e s  from a n im a ls  fe e d in g  
on d i f f e r e n t  anemone d i e t s .  To d e t e c t  d i f f e r e n c e s  be tw een  th e  
mean a s s i m i l a t i o n  v a lu e s  f o r  th e  f i v e  d i e t  t r e a tm e n ts  a 
s i n g l e - f a c t o r  ANOVA w ould n o rm a lly  be a p p r o p r i a t e .  B e fo re  such  
an  a n a ly s i s  c o u ld  be p e rfo rm ed  on th e s e  d a ta ,  how ever, th e  
i n d iv i d u a l  a s s i m i l a t i o n  e f f i c i e n c y  v a lu e s  r e q u i r e  a r c - s in e  
t r a n s f o r m a t io n .  T h is  i s  b e c au se  th e  a s s i m i l a t i o n  e f f i c i e n c i e s  
a r e  e x p re s s e d  a s  p r o p o r t io n s  o r  p e rc e n ta g e s  and th e  v a r ia n c e s  
w i l l  d e c re a s e  f o r  sam ples w ith  means ly in g  c lo s e r  to  th e  
b o u n d a r ie s  a t  z e ro  o r  u n i ty  (U nderw ood ,1 9 8 1 ). U sing C ochran*s 
T e s t  f o r  th e s e  t ra n s fo rm e d  d a t a ,  th e  n u l l  h y p o th e s is  o f 
h o m ogeneity  o f v a r ia n c e s  i s  c o n v in c in g ly  r e j e c t e d  (C = 0 .4 9 8 5 , p 
< 0 .0 0 1 , c r i t i c a l  v a lu e  = 0 .4 0 0 0 )  and th u s ,  one o f th e
a ssu m p tio n s  o f an  ANOVA i s  v i o l a t e d .  I n  v iew  o f t h i s  th e  
n o n -p a ra m e tr ic  ANOVA, th e  K ru s k a l-W a ll is  T e s t ,  was a p p l i e d .  T h is  
t e s t  makes no a ssu m p tio n s  c o n c e rn in g  th e  n o rm a lity  o f th e  p a re n t  
d i s t r i b u t i o n  o r  o f th e  h o m ogeneity  o f  th e  sam ple v a r i a n c e s .  The 
r e s u l t  o f t h i s  a n a ly s i s  i s  to  c o n v in c in g ly  r e j e c t  th e  n u l l
T a b le  14. A s s im i la t io n  E f f i c i e n c i e s  f o r  in d iv id u a l  f a e c e s  from  
m o llu s c s  m a in ta in e d  on d i f f e r e n t  anemone d i e t s .
D ie t AEQR AEQG STRO MSEN URFE
62 .88 66 .96 88 .7 6 72 .78 89 .4 3
88 .81 75 .51 8 6 .0 5 76.51 72 .69
89 .8 5 88 .3 8 93 .3 9 73 .53 84 .9 6
7 1 .5 6 94 .47 92 .9 4 79 .54 82 .4 6
69 .22 83 .23 8 6 .3 8 62 .21 56 .85
8 6 .7 9 8 9 .2 4 90 .22 77 .89 76 .93
70 .5 6 6 5 .4 7 8 8 .8 2 60 .99 7 8 .1 1
67 .93 8 7 .2 9 8 0 .1 3 83 .85 3 5 .3 5
88 .82 89 .21 83 .9 4 85 .82
84 .5 3 62 .59 9 1 .0 5 77 .94
8 8 .1 9 8 7 .2 4 89 .72 2 1 .3 5
71 .82 81 .52 9 0 .0 0 5 8 .2 0
9 3 .3 9 78 .9 1 8 5 .7 8 — — 76.54
86 .83 87 .9 4 95 .59 —— — 7 5 .5 8
7 6 .0 5 9 2 .3 5 9 4 .0 9 5 6 .0 5
Mean A .E . 79 .81 8 2 .0 2 8 9 .1 2 73 .41 68 .5 5
s . e . 2 .50 2 .5 2 1 .03 2 .67 4 .8 8
C ochrans T e s t  S t a t i s t i c  f o r A rc -S in e tra n s fo rm e d c o u n ts .
C = 0 .4985 p < 0 . 001
H c o n v in c in g ly  r e j e c t e d  -  tra n s fo rm e d  v a r ia n c e s  a r e  n o t hom ogeneous, 
tS u s  v i o l a t i n g  one o f th e  a s su m p tio n s  f o r  a  o n e - f a c to r  ANOVA.
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h y p o th e s is  o f e q u a l i t y  o f means (K = 2 3 .4 6 7 , p < 0 .0 0 1 , c r i t i c a l  
v a lu e  = 1 8 .4 6 7 ) . I n  o r d e r  to  d e te rm in e  w hich means d i f f e r
s i g n i f i c a n t l y ,  M ann-W hitney U -T e s ts  w ere perfo rm ed  on a l l  p a i r s  
o f m eans. The r e s u l t s  o f th e  M ann-W hitney U -T ests  a r e  shown i n  
T a b le  15.
The r e s u l t s  p r e s e n te d  i n  T a b le  15 show t h a t  th e  a s s i m i l a t i o n  
e f f i c i e n c y  f o r  n u d ib ra n c h s  fe e d in g  on S . t r o g lo d y te s  i s  
s i g n i f i c a n t l y  g r e a t e r  th a n  f o r  n u d ib ra n c h s  fe e d in g  on any  o th e r  
s p e c i e s .  The s i t u a t i o n  w ith  r e g a rd  to  th e  two c o lo u r  m orphs o f 
A .e q u in a  i s  somewhat l e s s  c l e a r ;  a s s i m i l a t i o n  o f  g re e n  A .e q u in a  
i s  in d ic a te d  a s  b e in g  s i g n i f i c a n t l y  g r e a t e r  th a n  f o r  e i t h e r  
U. f e l i n a  o r  M .s e n i l e , w h ile  no d i f f e r e n c e  can  be d e te c te d  betw een  
red  A .e q u in a  and th e s e  two s p e c i e s .  F u r th e rm o re , no s i g n i f i c a n t  
d i f f e r e n c e  can  be d e te c te d  be tw een  th e  red  arsd g re e n  m orphs o f 
A .e q u in a . More r e p l i c a t i o n  i s  e v id e n t ly  r e q u ir e d  b e fo re  any f irm  
c o n c lu s io n  c o u ld  be draw n ab o u t th e  a s s i m i l a t i o n  o f  th e s e  
s p e c i e s .  I t  i s  l i k e l y ,  how ever, t h a t  b o th  th e  c o lo u r  m orphs o f 
A .e q u in a  a r e  a s s im i la te d  m ore e f f i c i e n t l y  th a n  e i t h e r  U . f e l i n a  o r  
M .s e n i le  i . e . S . t r o g lo d y te s  > A .e q u in a  (g re e n )  = A .e q u in a  ( r e d )  
> M .s e n i le  = U . f e l i n a .
DISCUSSION.
The a s s i m i l a t i o n  e f f i c i e n c i e s  c a lc u la t e d  from  th e  r e s u l t s  o f 
t h i s  e x p e rim e n t a r e  c lo s e  to  th o s e  o b ta in e d  by C a re fo o t (1967) 
f o r  A p ly s ia  p u n c ta ta  (67%) and D end rono tus f ro n d o su s  (A sc a n iu s )  
(86%) u s in g  a  s i m i l a r  in d e x . P a in e  (1 9 6 5 ) , how ever, r e p o r t s
T a b le  15. The r e s u l t s  o f M ann-W hitney U -T e s ts  be tw een  a l l  p a i r s  o f
means f o r  th e  a s s i m i l a t i o n  e f f i c i e n c y  o f m o llu s c s  m a in ta in e d  
d i f f e r e n t  anemone d i e t s .
C a lc u la te d  V a lu e s  o f th e  U S t a t i s t i c
AEQG 100
STRO 51 ** 61*
MSEN 40 26* 1**
URFE 76 56 * 13 ** 61
AEQR AEQG STRO MSEN
A s te r i s k s  d e n o te  c o n v e n tio n a l  s ig n i f i c a n c e  l e v e l
.11
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somewhat lo w er v a lu e s  ( u s u a l ly  betw een  50% and 70%) f o r  th e  
bu llom orph  Navanax In e rm is  (C o o p e r) , u s in g  a d i f f e r e n t  and more 
d e t a i l e d  m ethodo logy .
I n  th e  c o n te x t  o f th e  o b j e c t iv e s  o f t h i s  s tu d y ,  th e  
d i f f e r e n c e s  i n  a s s i m i l a t i o n  e f f i c i e n c y  betw een  anemone d i e t s  i s  
r a t h e r  d i f f i c u l t  to  i n t e r p r e t .  The r e s u l t s  o f th e  g row th  
e x p e r im e n ts  r e p o r te d  i n  C h a p te r  3 f a i l e d  to  d e te c t  any 
s i g n i f i c a n t  d i e t - r e l a t e d  d i f f e r e n c e s  i n  th e  p e rfo rm an ce  o f 
n u d ib ra n c h s . T hus, th e  a p p a re n t  d i f f e r e n c e s  i n  a s s i m i l a t i o n  
e f f i c i e n c y  a r e  n o t r e f l e c t e d  i n  d i f f e r e n c e s  i n  o v e r a l l  g row th  and 
r e p r o d u c t io n .  T h is  may be b e c a u se  fe e d in g  on d i e t s  w ith  lo w er 
a s s i m i l a t i o n  e f f i c i e n c i e s  i s  c o u n te rb a la n c e d  by in c r e a s e d  
co n su m p tio n , th u s  p ro d u c in g  s i m i l a r  g row th  e f f i c i e n c i e s  on a l l  
d i e t s .  The e x p e rim e n ts  i n  th e  p re v io u s  s e c t i o n  o f t h i s  c h a p te r ,  
how ever, do n o t i n d i c a t e  t h a t  t h i s  i s  th e  c a s e .  A n o th er p o s s ib le  
r e a s o n  f o r  th e  a b se n c e  o f  any  c o r r e l a t i o n  betw een  th e  o b se rv ed  
a s s i m i l a t i o n  e f f i c i e n c i e s  and g row th  and r e p r o d u c t io n  i s  t h a t  
s p e c i f i c  n u t r i t i o n a l  c h a r a c t e r i s t i c s  o f th e  anemone s p e c i e s ,  
w h ich  do n o t c o r r e l a t e  w ith  a s s i m i l a t i o n  e f f i c i e n c y ,  n e g a te  th e  
e x p e c te d  a d v a n ta g e  o f p re y in g  on an  e a s i l y  a s s im i l a t e d  d i e t .
One n o ta b le  outcom e from  th e  g row th  e x p e rim e n ts  was t h a t  
i n d iv i d u a l  v a r i a t i o n s  i n  g row th  r a t e  w ere c o n s id e r a b le .  A lthough  
th e  p r e s e n t  o b s e rv a t io n s  hav e  n o t ta k e n  s p e c i f i c  a c c o u n t of 
v a r i a t i o n s  i n  a s s i m i l a t i o n  e f f i c i e n c y  betw een  i n d i v i d u a l s ,  one 
w ould e x p e c t t h a t  d i f f e r e n c e s  i n  th e  in d iv id u a l  a s s i m i l a t i o n  
e f f i c i e n c i e s  o f m o llu s c s  w i th in  a tre a m e n t g roup would be
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r e f l e c t e d  i n  th e  v a r i a t i o n s  i n  th e  a s s i m i l a t i o n  o f th e  c o l l e c t e d  
f a e c e s .  T hus, l a r g e  v a r ia n c e s  f o r  each  d i e t  t r e a tm e n t  sh o u ld  
i n d i c a t e  a h ig h  d e g re e  o f i n d iv i d u a l  v a r i a b i l i t y .  E x a m in a tio n  of 
T a b le  14 shows t h a t  t h i s  i s  d e a r y  n o t so  -  th e  l a r g e s t  s ta n d a rd  
e r r o r  abou t th e  mean i s  o n ly  4.8% (U . f e l i n a ) . These r e s u l t s  do 
n o t i n d i c a t e ,  t h e r e f o r e ,  t h a t  th e  v a r i a t i o n s  i n  in d iv id u a l  
g row th  r a t e s  d e s c r ib e d  i n  C h a p te r  3 a r e  a t t r i b u t a b l e  to  
v a r i a t i o n s  i n  th e  a s s i m i l a t i o n  e f f i c i e n c i e s  be tw een  i n d iv i d u a l s .
Of a l l  th e  anemone s p e c ie s  exam ined i n  th e  fo re g o in g  
e x p e rim e n ts  S . t r o g lo d y te s  s ta n d s  o u t f o r  a  number o f r e a s o n s .  I n  
te rm s  o f i t s  g ro s s  c a l o r i f i c  v a lu e  S . t r o g lo d y te s  i s  n o ta b ly  lo w er 
th a n  th e  o th e r  fo u r  s p e c i e s .  On a p r o p o r t io n a l  b a s i s  i t s  g ro s s  
b io c h e m ic a l  c o m p o s itio n , how ever, i s  n o t m arked ly  d i f f e r e n t  from  
th e  o th e r  s p e c ie s  a l th o u g h  i t  s h o u ld  be em phasised  t h a t  o n ly  67% 
o f th e  t o t a l  a s h - f r e e  d ry  w e ig h t was acco u n te d  f o r  by th e  
a n a ly s e s  ( s e e  T a b le  2 ) .  I n  th e  f i r s t  co n sum ption  e x p e rim e n t 
t h e r e  was an  i n d i c a t i o n  t h a t  S . t r o g lo d y te s  m ig h t be consumed a t  a  
h ig h e r  l e v e l ,  f u r th e rm o re ,  i n  th e  second  consum ption  e x p e rim e n t 
i t  i s  l i k e l y  t h a t  c o n su m p tio n  r a t e s  on t h i s  s p e c ie s  w ere 
u n d e re s t im a te d . F i n a l l y  th e  a s s i m i l a t i o n  e f f i c i e n c y  f o r  
S . t r o g lo d y te s  was shown to  be s i g n i f i c a n t l y  g r e a t e r  th a n  f o r  th e  
re m a in d e r .
The in d i c a t i o n s  a r e ,  t h e r e f o r e ,  t h a t  S . t r o g lo d y te s  m igh t 
p o s s ib ly  be a p r e f e r r e d  i te m  am ongst th e  s tu d ie d  s p e c ie s  and t h i s  
i s ,  p e rh a p s , s u b s t a n t i a t e d  by th e  p rep o n d e ra n ce  o f f i e l d  
a s s o c i a t i o n s  o f A .p a p i l l o s a  w ith  S . t r o g lo d y te s  i n  th e  i n t e r t i d a l
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a t  b o th  R obin  H ood 's  Bay and S t A ndrew s. A d m itte d ly , more 
e x te n s iv e  f i e l d  o b s e rv a t io n s  a round  th e  B r i t i s h  I s l e s  a re  
r e q u i r e d .
The su b se q u e n t b e h a v io u ra l  e x p e rim e n ts  h a v e , t h e r e f o r e ,  been  
d e s ig n e d  e s p e c i a l l y  w ith  r e g a rd  to  S . t r o g lo d y te s  and A .e q u in a  (a  
f r e q u e n t ly  c i t e d  p r e f e r r e d  s p e c i e s ) .
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Chapter 5 ,
THE EFFECTS OF MAINTENANCE DIET ON PREY-SPECIES SELECTION 
INTRODUCTION.
A .p a p i l l o s a  has  b een  th e  s u b je c t  o f  a  number o f  b e h a v io u ra l  
and a u te c o lo g ic a l  s tu d i e s  i n  w h ich  p a r t i c u l a r  em phasis h a s  been  
l a i d  upon s p e c i f i c  p r e f e r e n c e s  f o r  anemone p r e y - s p e c i e s .  The 
m e th o d o lo g ie s  em ployed to  i n v e s t i g a t e  p re y  p r e f e re n c e s  have  been  
d iv e r s e  a n d , i n  m ost c a s e s ,  a  p r e f e re n c e  f o r  one o f  s e v e r a l  
s p e c ie s  was shown ( e . g . S te h o u w e r,1952 ; Braams & G e e len ,1 9 5 3 ; 
R obson , 1961; W a te r s ,1973; Edmunds e t  a l . ,1 9 7 4 ,1 9 7 6 ) .
I n  e a r l y  l a b o r a to r y  s tu d i e s  b o th  S tehouw er (1 9 5 2 ) , and 
Braams & G ee len  (1 9 5 3 ) , u t i l i s e d  a  v a r i a n t  o f th e  s ta n d a rd  Y-maze 
i n  w hich g ro u p s o f  n u d ib ra n c h s  d e m o n s tra te d  t h e i r  p r e f e re n c e  by 
c ra w lin g  a lo n g  one o r  o th e r  arm i n t o  a  cham ber c o n ta in in g  an 
anemone s p e c ie s .  P rey  p r e f e r e n c e  was d e te rm in e d  from  th e  numbers 
found  i n  each  anemone cham ber a f t e r  a  g iv e n  p e r io d .  Braams & 
G e e len  (1953) co n c lu d ed  t h a t  A .p a p i l l o s a  showed e q u a l p r e f e re n c e  
f o r  A .e q u in a  and M .s e n i le  w h ile  th e  work o f S tehouw er (1952) 
in d ic a te d  a p r e f e re n c e  f o r  M .s e n i l e . A .e q u in a , how ever, was n o t 
in c lu d e d  i n  th e  l a t t e r  s tu d y .  More r e c e n t ly  T ardy  & B ordes 
(1 9 7 8 ) have u t i l i s e d  a  s i m i l a r  Y-maze ty p e  a p p a ra tu s  i n  w hich 
A .p a p i l l o s a  d e m o n s tra te d  a m arked p r e f e re n c e  f o r  A n th o p le u ra  
b a l l i  (C o c k s ) .
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B oth  M i l l e r  (1 9 6 1 ) and Swennen (1961 ) a s s e s s e d  
p r e y - p r e f e r e n c e s  from  fe e d in g  o b s e rv a t io n s  w here th e  n u d ib ra n c h  
was p re s e n te d  w ith  s in g l e  anemone s p e c ie s  i n  g la s s  d i s h e s .  B oth 
o f th e s e  s tu d i e s  in d ic a te d  a p r e f e r e n c e  f o r  A .e q u in a . A v a r i a n t  
o f t h i s  ap p ro a c h  was a d o p te d  by W aters (1973) who d e te rm in e d  
p r e y - p r e f e r e n c e s  f o r  C a l i f o r n i a n  A .p a p i l lo s a  from  th e  r e s u l t s  o f  
two d i f f e r e n t  e x p e r im e n ts . I n  th e  f i r s t  o f  t h e s e ,  i n d iv id u a l s  o f 
f i v e  anemone s p e c ie s  w ere m a in ta in e d  i n  la b o r a to r y  a q u a r ia  w ith  
g ro u p s  o f n u d ib ra n c h s ;  p r e f e r e n c e  was d e te rm in e d  from  th e  o rd e r  
i n  w hich s p e c ie s  w ere consum ed. I n  th e  second b e h a v io u ra l  
e x p e rim e n t p a i r s  o f anemone s p e c ie s  w ere p re s e n te d  to  g ro u p s o f 
n u d ib ra n c h s . The r e s u l t s  o f W a te rs ' s tu d i e s  i n d ic a te d  a 
p r e f e r e n c e  f o r  E p i a c t i s  p r o l i f é r a  ( V e r r i l l ) , A n th o p le u ra  
e le g a n t i s s im a  (B ra n d t)  and A n th o p le u ra  xanthogram m ica ( B r a n d t) .
Edmunds e t  a l . ( 1 9 7 4 ) , i n  b e h a v io u ra l  e x p e rim e n ts  w i th  b o th  
E u ro p ean  and C a l i f o r n ia n  anem ones, u sed  a c o m b in a tio n  o f p a ir e d  
and s in g l e  p r e s e n t a t io n s  o f  p re y  ite m s  to  in d iv id u a l  
n u d ib r a n c h s . A .e q u in a , A .e le g a n t is s im a  and Anemonia v i r i d i s  
(= s u l c a t a ) w ere i n d ic a te d  a s  b e in g  th e  p r e f e r r e d  s p e c i e s .  Y et 
o th e r  l a b o r a to r y  o b s e r v a t io n s  by W o lte r  (1967) (H e lg o la n d ) and 
R obson (1967 ) (Denmark) have  in d ic a te d  p r e f e re n c e s  f o r  M .s e n ile  
and S tom phia c o c c in e a  (M illie r )  r e s p e c t i v e ly .
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I n  v iew  th e  w ide g e o g ra p h ic  d i s t r i b u t i o n  o f A .p a p i l lo s a  -  
and th e  c o rre s p o n d in g  d i f f e r e n t i a l  a v a i l a b i l i t y  o f p re y  anemone 
s p e c ie s  -  some l a r g e - s c a l e  d i f f e r e n c e s  i n  p r e d a to r  b e h a v io u r  a r e  
to  be e x p e c te d ; how ever, th e  l a b o r a to r y  s tu d i e s  o u t l in e d  above 
i n d i c a t e  a p p a re n t  d i s c r e p a n c i e s  i n  fe e d in g  b e h a v io u r  ev en  w i th in  
g iv e n  l o c a l i t i e s .  The few r e p o r te d  f i e l d  o b s e rv a t io n s  from  N.W. 
E urope have c o n t r ib u te d  l i t t l e  to  c l a r i f y  th e  l a b o r a to r y  d a ta ,  
w i th  l a r g e  p o p u la t io n s  o f  A .p a p i l l o s a  n o ted  i n  a s s o c i a t i o n  w ith  
M .s e n i le  (G o rz u la  & C am eron ,1 9 7 6 ), C ereus p e d u n c u la tu s  (P e n n a n t)  
(T a rd y , q u o ted  by H a r r i s  & Howe,1979) and S . t r o g lo d y te s  
(T o d d ,1 9 8 1 ). M .s e n i le  i s  a lm o s t e x c lu s iv e ly  s u b l i t t o r a l ,  w h ile  
th e  S. t r o g l o d y t e s - a s s o c i a te d  p o p u la t io n s  c i t e d  above and 
e x p lo i te d  i n  th e  p r e s e n t  s tu d y  w ere s t r i c t l y  i n t e r t i d a l .  The 
p o s s i b i l i t i e s  o f d i f f e r e n t i a l  b e h a v io u r  and re s p o n s e s  o f 
s u b l i t t o r a l  and i n t e r t i d a l  A .p a p i l l o s a  i n  th e  same l o c a l i t y  m u st, 
t h e r e f o r e ,  be c o n s id e r e d .  N e v e r th e le s s ,  one m igh t e x p e c t r a t h e r  
m ore c o n s i s t e n t  p r e y - p r e f e r e n c e s  w i th in  a  g iv e n  l o c a l i t y  th a n  th e  
p re v io u s  s tu d i e s  o f A .p a p i l l o s a  s u g g e s t .
One f a c t o r  w hich  may p la y  a  m a jo r  r o le  i n  e x p la in in g  th e  
v a r i a b i l i t y  o f A .p a p i l lo s a  p re y  p r e f e re n c e s  a l lu d e d  to  above 
c o n c e rn s  d i e t a r y  e x p e r ie n c e  and th e  p o s s i b i l i t y  o f  (p re y )  
f re q u e n c y -d e p e n d e n t m o d if ic a t io n s  o f p r e f e r e n c e .  T h is  ty p e  o f 
p r e d a to r y  a c t i v i t y ,  o r  " s w itc h in g "  b e h a v io u r  ( se n su  M urdoch ,1969; 
M urdoch & O a te n ,1975; M urdoch e t  a l . ,1 9 7 5 ) ,  im p l ie s  th e  ta k in g  o f 
d i s p r o p o r t i o n a te  num bers o f  th e  m ost ab u n d an t (b u t  n o t 
n e c e s s a r i l y  m ost a c c e p ta b le )  p re y  i te m  when p rey  p r e f e re n c e  i s
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w eak. I n  t h i s  c o n te x t ,  M cNair (1 9 8 0 , 1981 ), i n  p a r t i c u l a r ,  has
r e c e n t l y  c o n s id e re d  th e  i n f lu e n c e  o f  " t r a i n i n g  e f f e c t s "  (su c h  a s  
" s e a r c h  im age" fo rm a tio n )  on th e  c o m p o s itio n  o f a  model 
p r e d a t o r s '  d i e t  w i th in  th e  p re m ise s  o f o p tim a l f o ra g in g  th e o ry .  
One o f th e  p r i n c i p a l  c o n c lu s io n s  o f th e s e  t h e o r e t i c a l  
d ev e lo p m en ts  i s  t h a t  t r a i n i n g  e f f e c t s  may r e s u l t  i n  s w itc h in g  
re s p o n s e s  (M cN air, 1 9 8 0 ) . Such m igh t be th e  c a se  f o r
A .p a p i l l o s a . H a r r i s  (1 9 7 3 ) and W aters  (1 9 7 3 ) have h in te d  a t  th e  
p o s s ib l e  e f f e c t s  o f p r e v io u s  d i e t a r y  e x p e r ie n c e  o f  A .p a p i l lo s a  i n  
l a b o r a to r y  t e s t s  a l th o u g h  i t s  im p o r ta n c e  rem ains  u n e s ta b l i s h e d .
" I n g e s t iv e  c o n d i t io n in g "  (W ood,1968) c o n c e rn s  th e
m o d i f ic a t io n  a n d /o r  r e in fo rc e m e n t  o f p re y  p r e f e r e n c e s ,  and hence  
r e s p o n s iv e n e s s  to  p r e y - r e l a t e d  c h e m ic a ls ,  by r e c e n t  fe e d in g  
e x p e r ie n c e .  T h is  h a s  been  d e m o n s tra te d  f o r  a  w ide ran g e  o f 
i n v e r t e b r a t e s  in c lu d in g  P la ty h e lm in th e s ,  C r u s ta c e a ,  M o llu sc a  and 
E ch in o d erm a ta  ( s e e  S lo a n ,1980 f o r  r e v ie w ) .  W ith  p a r t i c u l a r
r e f e r e n c e  to  A .p a p i l lo s e  H a r r i s  (1 9 7 3 ) no ted  t h a t  b o th  S tehouw er 
(1 9 5 2 ) and Braams & G e e len  (1 9 5 3 ) had d e m o n s tra te d  a  p r e f e re n c e  
f o r  M .s e n i le  i n  n u d ib ra n c h s  c o l l e c t e d  i n  a s s o c i a t i o n  w ith
s u b l i t t o r a l  c lo n e s  o f t h i s  s p e c i e s .  F u r th e rm o re , A .p a p i l lo s e  
from  th e  e a s t  c o a s t  o f th e  U .S .A . have been  shown to  choose 
t h e i r  'n o rm a l ' p re y  s p e c ie s  -  M. s e n i l e  -  o v e r A n th o p le u ra  
e l e g a n t i s s im a , w h ich  i s  th e  m ost p r e f e r r e d  ite m  f o r  C a l i f o r n ia n  
A .p a p i l l o s a  (W aters  and P e l l e t i e r ,  q u o ted  by H a r r is  1 9 7 3 ). By 
c o n t r a s t .  W aters  (1973 ) d is c o u n te d  th e  im p o rta n c e  o f i n g e s t iv e  
c o n d i t io n in g  i n  d e te rm in in g  p r e f e r e n c e  f o r  A .e le g a n t is s im a  o v e r 
A .xan thogram m ica  and E .p r o l i f é r a  by A .p a p i l lo s a ;  t h i s  was d e s p i t e
Î
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th e  f a c t  t h a t  A .e le g a n t is s im a  was th e  p rim a ry  a s s o c i a t e  i n  th e  
f i e l d .  The same a u th o r  d o e s , how ever, r e p o r t  p o s s ib le  e v id e n c e  
f o r  c o n d it io n in g  on U r t i c i n a  ( - T e a l i a ) c o r ia c e a  (C u v ie r )  and 
U .c r a s s i c o r n i s  (M u lle r )  and a l s o  c i t e s  a d d i t io n a l  o b s e rv a t io n s  o f 
r e v e r s i b l e  c o n d i t io n in g  to  M .s e n i le  and E .p r o l i f é r a
r e s p e c t i v e ly .
I t  was i n  v iew  o f  th e s e  p o s s i b i l i t i e s  t h a t  th e  b e h a v io u ra l  
e x p e r im e n ts  r e p o r te d  below  w ere u n d e r ta k e n . S p e c i f i c a l l y ,  p re y  
p r e f e r e n c e  s tu d i e s  have  b een  co nducted  u n d e r c o n t r o l le d  
l a b o r a to r y  c o n d i t io n s  w ith  n u d ib ra n c h s  c o l l e c t e d  i n  th e  f i e l d  and 
o f known d i e t a r y  h i s t o r y .  F o r b e h a v io u ra l  e x p e rim e n ts  pe rfo rm ed  
i n  th e  U.K. a n im a ls  had been  e x c lu s iv e ly  a s s o c ia te d  w ith  
i n t e r t i d a l  S . t r o g lo d y te s  and i n  t h i s  r e s p e c t  p ro v id e d  a f ix e d  
s t a r t i n g  p o in t  from  w hich d i e t a r y  e x p e r ie n c e  c o u ld  be 
m a n ip u la te d . I n  th e  f i r s t  b e h a v io u ra l  e x p e rim e n t a  
p r e y - p r e f e r e n c e  h ie r a r c h y  h a s  b een  e lu c id a te d  f o r  A .p a p i l lo s a  
m a in ta in e d  on th e  f i e l d  d i e t  ( S . t r o g l o d y te s ) : s u b s e q u e n tly  th e
h ie r a r c h y  was r e - e s t a b l i s h e d  a f t e r  m a in ta in in g  th e  same 
n u d ib ra n c h s  f o r  a  p e r io d  on an  a p p a re n t ly  l i t t l e - p r e f e r r e d  
s p e c ie s  ( th e  red  morph o f A .e q u in a ) . I n  th e  l i g h t  o f  th e s e  
r e s u l t s  two f u r t h e r  b e h a v io u r a l  e x p e rim e n ts  w ere p e rfo rm e d , f o r  
b o th  U.K. and N.W P a c i f i c  A .p a p i l l o s a , i n  w hich th e  e f f e c t s  o f 
tw o - s ta g e  changes i n  d i e t  w ere i n v e s t i g a t e d .
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BEHAVIORAL EXPERIMENT 1 
MATERIALS AND METHODS.
E x p erim en ts  w ere c o n d u c ted  i n  th e  l a b o r a to r y  betw een  March 
and A ugust 1981 w ith  21 n u d ib ra n c h s  c o l l e c t e d  i n t e r t i d a l l y  a t  
R ob in  H ood 's  Bay, N o rth  Y o rk s h ir e .  Each n u d ib ra n c h  was 
m a in ta in e d  in  a  s e p a r a te  cag e  th ro u g h o u t th e  e x p e r im e n ta l  p e r io d  
th e re b y  a llo w in g  in d iv id u a l  p e rfo rm a n c es  to  be re c o rd e d .
A .p a p i l l o s a  u n d o u b te d ly  d e t e c t s  p rey  i n  a chem osensory  
m anner (Braam s & G e e le n ,1953; S w ennen,1961; Edmunds e t  a l . ,1 9 7 4 ) 
and w i l l  o r i e n t  i n to  low  v e l o c i t y  c u r r e n t s  when th e  w a te r  so u rc e  
in c lu d e s  a  s u i t a b l e  p re y  i te m  (H a a f te n  & V erw ey ,1 9 6 0 ). The
o b je c t iv e  o f  t h i s  b e h a v io u r a l  e x p e rim e n t was to  o f f e r  a  ra n g e  o f 
p re y  s p e c ie s  s im u l ta n e o u s ly  i n  a  m u lti-c h a m b e r  f lo w  a p p a ra tu s  and 
t o  e lu c id a t e  a p r e y - p r e f e r e n c e  h ie r a r c h y  on th e  b a s i s  o f cham ber 
s e l e c t i o n  a lo n e .  No r e in fo rc e m e n t  o f  th e  p rey  s e l e c t i o n  (by
fe e d in g )  co u ld  be p e rm i t te d  s in c e  t h i s  would o b v io u s ly  u p s e t
c o n t r o l  o f th e  m a in te n a n c e  d i e t a r y  reg im e .
F ig .  6 shows th e  cham ber a p p a ra tu s  c o m p ris in g  o f f i v e
c o n tig u o u s ,  r a d i a l l y - a r r a n g e d  cham bers w i th in  w hich th e
i n d iv id u a l  l i v e  p re y  anem ones c o u ld  be p la c e d . Each cham ber had 
a r e s t r i c t e d  open ing  o f 1.5cm  w hich form ed a n 'a n te - c h a m b e r ' and 
a l l  f iv e  cham bers w ere s u p p lie d  w ith  s e a w a te r  from  a  s in g l e  back 
cham ber. Anemones w ere h e ld  i n  sm a ll  w e ig h ted  p l a s t i c  mesh cages
F ig u re  6 .
Diagram  show ing m u l t i - c h o ic e  cham ber a p p a ra tu s
|X3Ck-chamberinlet
chamber
anemone-  cageantechamber*
■startingpoint
10cm outflow
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i n  o rd e r  b o th  to  f a c i l i t a t e  o p e r a to r  h a n d lin g  o f th e  p re y  and
c le a n in g  of th e  a p p a r a tu s ,  and to  p re v e n t  th e  n u d ib ra n c h s  from
fe e d in g  h av in g  once made a s e l e c t i o n .  Flow o f s e a w a te r  th ro u g h
th e  f i v e  cham bers was s i m i l a r  i n  a l l  c a se s  and e q u i t a b i l i t y  was
enhanced  by th e  i n c l u s i o n  o f  g l a s s  n o z z le s  a t  th e  back  o f each
cham ber and by p ro v id in g  a d i s p e r s e d  in p u t  th ro u g h  a d r i l l e d
tu b e .  T h is  m in im ised  v o r t i c i t y  i n  th e  back  cham ber. The
o u tf lo w s  from  th e  f i v e  cham bers converged  a p p ro x im a te ly  18cm from
th e  o p en in g s  and i t  was a t  t h i s  p o in t  t h a t  th e  n u d ib ra n c h  was
in t r o d u c e d .  The r a t e  o f  w a te r  f lo w  th ro u g h  each  c h o ic e  a p p a ra tu s
was m a in ta in e d  c o n s ta n t  w i th in  and betw een  t r i a l s  by s u p p ly in g
s e a w a te r  from  a c o n s ta n t  h e a d e r  ta n k  sy s te m . P r e l im in a ry  dye
f lo w  t r i a l s  had a l s o  shown an  ev en  flo w  o f w a te r  th ro u g h  each
-*1i n d iv i d u a l  cham ber, w ith  f lo w  r a t e s  ra n g in g  from  95-106m l m in 
f o r  e a c h . An o u tf lo w  s ip h o n  m a in ta in e d  th e  d e p th  o f w a te r  
th ro u g h o u t each  t r i a l .
The fo llo w in g  s i x  s p e c ie s  o f anemone w ere u sed  ( th e  
a b b r e v ia t io n s  a r e  u sed  i n  th e  t a b l e s ) :
S a g a r t i a  t r o g lo d y te s  ( P r i c e )  : STRO
M etrid iu m  s e n i l e  (L . )  : MSEN
U r t i c i n a  f e l i n a  (L . )  : URFE
U r t i c i n a  eques (G o sse) : UREQ
A c t in i a  e q u in a  ( L .)  G reen  morph : AEQG
A c t in i a  e q u in a  ( L .)  Red morph : AEQR
70
As d is c u s s e d  i n  C h a p te r  2 , a l l  anemones used  i n  th e  p r e s e n t  
e x p e rim e n t a r e  known to  be a c c e p ta b le  d i e t a r y  i te m s  f o r  
A .p a p i l l o s a , w i th  th e  e x c e p t io n  o f U. eques -  an  o f f s h o r e  
s u b l i t t o r a l  s p e c i e s .  U .eq u es  was in c lu d e d  i n  th e  e x p e rim e n ts  
s o l e l y  b ecau se  t h e r e  was no p o s s i b i l i t y  o f th e s e  i n t e r t i d a l  
n u d ib ra n c h s  h a v in g  p r e v io u s ly  e n c o u n te re d  t h i s  i te m . T h is  a l s o  
a p p l i e s  to  M .s e n i l e , w h ich  i s  o f t e n  c i t e d  a s  th e  m ost p r e f e r r e d  
s p e c ie s  ( s e e  a b o v e ) . I t  i s  p o s s ib l e  t h a t  th e  n u d ib ra n c h s  co u ld  
hav e  e n c o u n te re d  th e  i n t e r t i d a l  s p e c ie s  A .e q u in a  and U . f e l i n a  
a l th o u g h  t h i s  i s  c o n s id e re d  u n l i k e l y .  W ith  re g a rd  to  A .e q u in a  i t  
had been  p r e v io u s ly  n o ted  ( p e r s . o b s . )  t h a t  A .p a p i l lo s a  d is p la y e d  
d i f f e r e n t i a l  re s p o n s e s  to  th e  two c o lo u r  m orphs and hen ce  th e s e  
a r e  t r e a t e d  a s  s e p a r a te  s p e c i e s .
Undamaged anem ones w ere u sed  i n  a l l  t r i a l s  and i n  m ost -  b u t
n o t a l l  -  c a s e s  anemones w ere expanded d u r in g  th e  t r i a l .  S iz e s
o f anemones w ere s ta n d a r d iz e d  by w e ig h t w i th in  each  t r i a l ,  b u t
some b e tw e e n - t r i a l  d i f f e r e n c e s  w ere u n a v o id a b le  due l a r g e l y  to
p ro b lem s i n  o b ta in in g  s u f f i c i e n t l y  s m a ll  U .e q u e s .
I n d iv id u a l  a e o l id s  w ere o f f e r e d  co m b in a tio n s  o f f o u r  o f th e
s i x  anemone s p e c ie s  i n  each  t r i a l ,  le a v in g  o n e ‘b lank*  cham ber
w hich  h e ld  an  empty p l a s t i c  c a g e . T h is  e n su re d  t h a t  on some
o c c a s io n s  a  s e l e c t i o n  w ould have  to  be made from  fo u r  i te m s  w hich
-1d id  n o t in c lu d e  th e  m a in te n a n c e  d i e t .  I n  e v e ry  t r i a l  (o n e  day 
-1n u d ib ra n c h  ) i n d iv i d u a l s  w ere  o f f e r e d  one o f th e  15 p o s s ib l e  
s e l e c t i o n s  o f f o u r  o u t o f th e  s i x  anemone s p e c ie s  u s e d . On any
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one day a l l  15 s e l e c t i o n s  w ere o f f e r e d ,  each  one to  a  d i f f e r e n t  
a n im a l, so  t h a t  o v e r th e  15 -d ay  p e r io d  each  n u d ib ra n c h  would 
r e c e iv e  a l l  c o m b in a tio n s . T h is  a t te m p t to  'b a la n c e *  th e  
e x p e rim e n t was aim ed a t  re d u c in g  any b ia s  i n  th e  r e s u l t s  th ro u g h  
b e h a v io u ra l  d e v ia t io n s  on any p a r t i c u l a r  d ay . The a l l o c a t i o n  o f 
p a r t i c u l a r  anemones t o  i n d iv i d u a l  cham bers was c a r r i e d  o u t so a s  
t o  e n s u re  a  s im i l a r  b a la n c e  i n  th e  number o f t im e s  each  s p e c ie s  
o f anemone o ccu p ied  each  cham ber; t h i s  p re c lu d e s  any  'cham ber 
e f f e c t*  on th e  b e h a v io u ra l  e x p e r im e n ta l  r e s u l t s .
Each t r i a l  was commenced by p la c in g  th e  a e o l id  on th e  g l a s s  
b a se  p l a t e  a t  th e  p o in t  a t  w hich  th e  f i v e  o u tf lo w s  converged  
( P l a t e  2 , " S t a r t " ) .  Movements o f  th e  n u d ib ra n c h  w ere re c o rd e d  
u s in g  th e  g r id  on th e  b a s e - p l a t e  and p a r t i c u l a r  n o te  was ta k e n  o f 
th e  an im al e n te r in g  one o r  m ore a n te -c h a m b e rs  b e fo r e  f i n a l l y  
m aking a  c h o ic e .  The t r i a l  was co m p le ted  once th e  n u d ib ra n c h  had 
p a sse d  th ro u g h  an  a n te -c h a m b e r , and i n to  th e  m ain  cham ber h o ld in g  
th e  anemone ( o r  b l a n k ) . The t o t a l  e la p s e d  tim e  and w a te r  
te m p e ra tu re  w ere n o ted  f o r  each  t r i a l .  Time to  make a c h o ic e  
ran g ed  from  3 to  38 m in u te s . I n  some in s ta n c e s  th e  n u d ib ra n c h  
w ould c raw l o f f  th e  b a s e - p l a t e  o r  b y -p a s s  th e  cham ber s e c t io n  
c o m p le te ly . Such a n im a ls  w ere * r e - s ta r te d *  b u t i f  t h i s  b e h a v io u r  
c o n tin u e d  th e  t r i a l  was abandoned and was r e p e a te d  f o r  t h a t  
i n d iv i d u a l  on a su b s e q u e n t d a t e .  A f te r  each  t r i a l  th e  chamber 
a p p a ra tu s  was washed th o ro u g h ly  w ith  *Decon 90* and r in s e d  b e fo re  
r e - u s e .
p l a t e  2 .
Time la p s e  p h o to g ra p h  o f a  t r i a l  show ing th e  t y p i c a l  b e h a v io u ra l  
r e s p o n s e s  o f a  n u d ib ra n c h .
1
+ 10 m ins
 ^ ‘ “ — 1 — —  H
6  mini
A + 3  m ins1
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F o r th e  i n i t i a l  h i e r a r c h y  th e  a e o l id s  w ere m a in ta in e d  in  
t h e i r  in d iv id u a l  cag es  and fe d  S . t r o g l o d y t e s . I n d iv id u a ls  were 
fe d  im m ed ia te ly  a f t e r  each  t r i a l  bu t s ta r v e d  o v e rn ig h t  i n  
p r e p a r a t i o n  f o r  t r i a l  th e  fo llo w in g  m orn ing . A n a ly s is  o f th e  
i n i t i a l  h ie r a r c h y  i n d ic a te d  t h a t  th e  red  morph o f A .e q u in a  was 
low  down i n  p r e f e r e n c e .  S in c e  t h i s  s p e c ie s  i s  f r e q u e n t ly  
r e p o r te d  a s  p r e f e r r e d  i n  o th e r  s tu d i e s  i t  was d e c id e d  to  change 
th e  m a in te n a n c e  d i e t  ( t h a t  i s ,  'c o n d it io n in g *  d i e t  f o r  th e  second  
h ie r a r c h y )  to  t h i s  s p e c i e s .  The same b e h a v io u ra l  e x p e r im e n ta l  
n u d ib ra n c h s  w ere m a in ta in e d  on red  A. e q u in a  f o r  one week 
fo llo w in g  c o m p le tio n  o f th e  f i r s t  h i e r a r c h y ,  a t  w hich tim e  t r i a l s  
t o  d e te rm in e  th e  second  h ie r a r c h y  w ere commenced. The 
n u d ib ra n c h s  w ere m a in ta in e d  on re d  A .e q u in a  th ro u g h o u t th e  second  
h i e r a r c h y .  I n  o rd e r  to  a s c r i b e  s t a t i s t i c a l  s ig n i f i c a n c e  to  th e  
p r e y - p r e f e r e n c e  h i e r a r c h i e s  a  s t a t i s t i c a l  m odel h as  been  
d e r iv e d .
T h is  m odel u t i l i z e s  a  b ra n c h  o f s t a t i s t i c s  known as  
l ik e l i h o o d  th e o ry  -  an  a r e a  o f e s t im a t io n  th e o ry  t h a t  i s  n o t 
commonly used  i n  b i o lo g i c a l  r e s e a r c h .  I n  v iew  o f t h i s ,  an  
i n t r o d u c t i o n  to  l ik e l i h o o d  th e o ry  i s  p ro v id e d  b e fo re  th e  
s t a t i s t i c a l  m odel i s  d e s c r ib e d .  The developm ent o f  th e  model 
i t s e l f  and my own i n t r o d u c t i o n  to  t h i s  b ran c h  o f s t a t i s t i c s  i s  
e n t i r e l y  a t t r i b u t a b l e  to  Dr A .D .G ordon, Dept o f S t a t i s t i c s ,  
U n iv e r s i ty  o f S t A ndrew s. The d e s c r i p t i o n  o f  th e  m odel p re s e n te d  
below  h a s  been  p r o v id e d , a lm o s t e n t i r e l y ,  by Dr Gordon a lth o u g h  
th e  i n t r o d u c t i o n  to  l i k e l i h o o d  th e o ry  i s  l a r g e ly  my own a l b e i t
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draw n h e a v i ly  from  r e f e r e n c e  t e x t s  ( e s p e c i a l l y  Mood e t  a l , 1974, 
C h a p te r  V I I ) .
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AN INTRODUCTION TO LIKELIHOOD THEORY
Sim ply s t a t e d ,  l ik e l i h o o d  th e o ry  p ro v id e s  a  means by w hich a 
'b e s t  e s tim a te *  o f a n  unknown p o p u la t io n  p a ra m e te r  i s  o b ta in e d  
from  a s e t  o f  o b s e rv a t io n s  from  t h a t  p o p u la t io n .
L e t X d e n o te  a  random v a r i a b l e  w hich r e p r e s e n t s  a 
c h a r a c t e r i s t i c  o f th e  e le m e n ts  o f  a  p o p u la t io n .  The form  o f th e  
d e n s i ty  f u n c t io n  o f  X ( f ( . ; & )  i s  assum ed known e x c e p t t h a t  i t  
c o n ta in s  an  unknown p a ra m e te r  O'. F u r th e rm o re , assum e t h a t  th e
v a lu e s  x^ ,X 2 , ........... ,x ^  o f a  random sam ple X^,X2 » . . . .  ,X ^ from  th e
d e n s i ty  f u n c t io n  ( f ( . ; 0 )  can  be o b s e rv e d . The o b je c t iv e  i s  to  
e s t im a te  th e  v a lu e  o f  th e  unknown p a ra m e te r  0 ,  o r  th e  v a lu e  o f 
some f u n c t io n  o f  th e  p a ra m e te r  ( e . g .  T ( 0 ) ) ,  u s in g  th e  o b se rv e d  
sam ple v a lu e s  x ^ ,X 2 , . . • . ,x ^ .
One way i n  w hich t h i s  may be a c h ie v e d  i s  by p o in t  e s t im a t io n  
w here  th e  v a lu e  o f some s t a t i s t i c ,  say  t ( X ^ , . . . . , X ^ ) ,  i s  a llo w ed  
t o  r e p r e s e n t ,  o r  e s t im a te ,  th e  unknown (0-); such  a s t a t i s t i c  i s  
known as  a  p o in t  e s t i m a t o r . F o r  exam p le , th e  v a lu e  x  o f th e  
s t a t i s t i c  X, com puted from  a  sam ple o f s i z e  n , i s  a  p o in t  
e s t im a te  o f th e  unknown p o p u la t io n  p a ra m e te r  p -  th e  t r u e  v a lu e  
o f  th e  mean f o r  some p o p u la t io n  c h a r a c t e r i s t i c .  I n  t h i s  c a se  th e  
p o in t  e s t im a to r  i s  th e  s t a t i s t i c  X.
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The method of maximum l ik e l ih o o d  i s ,  p e rh a p s , th e  m ost 
im p o r ta n t  means by w hich th e  'b e s t*  e s t im a te  o f & i s  ch o sen  from 
a l l  th e  p o s s ib le  e s t i m a t o r s .  I n  o u r n o ta t io n  l e t  0 ,  d e n o te  an  
e s t im a te  o f th e  f ix e d  b u t unknown p a ra m e te r  O'.
I n  o r d e r  to  p ro c e e d , i t  i s  n e c e s s a ry  to  in t r o d u c e  th e  
l ik e l i h o o d  f u n c t i o n . L e t X ^ , . . . . , X ^  d e n o te  a random sam ple from  
th e  d e n s i ty  f u n c t io n  f ( x ; 0 ) .  The l ik e l ih o o d  f u n c t io n  i s  d e f in e d  
to  be th e  j o i n t  d e n s i ty  f u n c t io n  o f  th e  n random v a r i a b l e s ,  i n
t h i s  c a s e ,  f ( x ^ ; 0 )  f ( x ^ ;0 )  .......... f ( x ^ ; 0 ) ;  th e  u s u a l  n o t a t i o n  f o r
t h i s  i s  L ( 0 ;x ^ , . . . . , x ^ ) . The l ik e l i h o o d  f u n c t io n  g iv e s  th e  
l ik e l i h o o d  of 0  g iv e n  t h a t  th e  random v a r i a b le s  assum e a
p a r t i c u l a r  s e t  o f v a lu e s  x ^ , x ^ , • . . • ,x ^ .
Suppose t h a t  th e  j o i n t  d e n s i ty  o f  n random v a r i a b l e s  i s  
f x ^ , . . . . , x ^  ( x ^ , . . . .  ,x ^ ;  0 ) ,  w here  0  i s  unknown, and l e t  th e
p a r t i c u l a r  v a lu e s  w hich  a r e  o b se rv e d  be r e p r e s e n te d  by 
x ^ ,X 2 ». • • • ,x ^ .  We w ant to  know from  w hich  d e n s i ty  f u n c t io n  (w hat 
v a lu e  o f 0 )  i s  th e  l i k e l i h o o d  g r e a t e s t  t h a t  th e  s e t  x^ ,X 2 >• • • . ,x ^  
was o b ta in e d . I n  o th e r  w o rd s , we w ant to  f in d  th e  v a lu e  o f  ©•,
d e n o te d  by 0  , w h ich  m ax im ises th e  l ik e l ih o o d  f u n c t io n
L ( 0 ,x £ , . . . . , x ^ ) . The maximum v a lu e  o f 0  o b ta in e d  i s  term ed  th e
maximum l ik e l ih o o d  e s t i m a t e . T h is  may be o b ta in e d  n u m e r ic a l ly ,  
by t r y in g  many p o s s ib l e  v a lu e s  o f  0 ,  and ch o o sin g  th e  one w hich 
m ax im ises th e  l i k e l ih o o d  f u n c t io n .
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The b a s ic  p r i n c i p l e s  o f  maximum l ik e l ih o o d  e s t im a t io n ,  
o u t l i n e d  above , may be i l l u s t r a t e d  w ith  th e  fo llo w in g  s im p le  
exam ple :
C o n s id e r  a  s im p le  random e x p e rim e n t i n  w hich a  c o in  i s  
to s s e d  tw ic e .  Assume t h a t  p , th e  p r o b a b i l i t y  o f o b ta in in g  a 
h e a d , i s  unknown. We w ant to  make in f e r e n c e s  ab o u t p from  th e  
n=2 o b s e rv a t io n s  t h a t  we have o b ta in e d .
The p r o b a b i l i t y  t h a t  r  head s w i l l  be o b se rv e d  o u t o f n 
t o s s e s  o f  th e  c o in  i s  p r o p o r t io n a l  to :
The above f u n c t io n  i s  th e  l i k e l i h o o d  f u n c t io n  s in c e  i t  g iv e s  th e  
p r o b a b i l i t y  t h a t  th e  random v a r i a b l e  R ( th e  number o f  h e a d s)  
t a k e s  th e  v a lu e  r ;  f o r  d i s c r e e t  random v a r i a b le s  th e  l ik e l ih o o d  
i s  a p r o b a b i l i t y .
C o n s id e r  to s s in g  a c o in  tw ic e  and o b se rv in g  one head 
( n = 2 , r = l ) . The l ik e l i h o o d  t h a t  t h i s  r e s u l t  would be o b ta in e d  f o r  
any  g iv e n  v a lu e  o f p i s :
a  p ^ ( l - p ) ^   ^ o r  p ( l - p ) .
C hoosing  v a lu e s  f o r  p we can  o b ta in  v a lu e s  f o r  t h i s  l ik e l i h o o d ,  
and we ch o o se , a s  o u r b e s t  e s t im a te ,  th e  v a lu e  o f p w hich
F ig u re  7 .
G raph show ing th e  m a x im is a tio n  o f th e  l ik e l ih o o d  f u n c t io n  p ( l - p )  
to  g iv e  a maximum l ik e l ih o o d  e s t im a te  o f 0 .5  f o r  P . (F o r  
e x p la n a t io n  se e  t e x t ) .
0.25
û_
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m axim ises th e  f u n c t io n  p ( l - p ) .  The maximum l ik e l ih o o d  e s t im a te  
i n  t h i s  c a se  i s  0 .5  and i s  shown i n  f ig u r e  7 . U sing th e  p re v io u s  
n o t a t i o n ,  p i s  th e  unknown p a ra m e te r ,  and r  i s  an  o b s e rv a t io n  o f 
th e  random v a r i a b le  R ( th e  number o f  h e a d s ) ;  fo rm e rly  d e n o te d  by 
X and X r e s p e c t i v e ly .
STATISTICAL MODEL FOR BEHAVIOURAL EXPERIMENT 1
T h is  m odel was e n t i r e l y  d e r iv e d  by Dr A .D .G ordon. Most o f 
th e  d e s c r i p t i o n  w hich fo llo w s  i s  a t t r i b u t a b l e  to  Dr G ordon and I  
g r a t e f u l l y  acknow ledge h i s  c o n t r i b u t i o n  to  t h i s  w ork.
I n  th e  e x p e r im e n ta l  d e s ig n ,  o f  th e  s ix  p re y  s p e c ie s  u n d e r 
c o n s id e r a t io n ,  o n ly  f o u r  w ere  on o f f e r  a t  any one tim e : th e
p r e d a to r  can  o n ly  i n d i c a t e  a  p r e f e r e n c e  f o r  one o f  t h e s e .
L e t P^^ d e n o te  th e  p r o b a b i l i t y  t h a t  d i e t  i  w i l l  be p r e f e r r e d  
to  th e  group o f d i e t s  m; m co m p rise s  th e  rem a in in g  th r e e  s p e c ie s  
i n  any one t r i a l .  The m odel assum es t h a t  P^^ i s  c o n s ta n t  th ro u g h  
th e  e x p e rim e n t (o v e r  b o th  tim e  and s e p a r a te  i n d iv i d u a l s )  and t h a t  
th e  t r i a l s  a r e  in d e p e n d e n t o f one a n o th e r .  I t  i s  p o s s ib l e ,  
h o w ev er, t h a t  t r i a l s  may n o t be c o m p le te ly  in d e p e n d e n t o f one 
a n o th e r  s in c e  th e  p re y  c h o ic e  made i n  one t r i a l  may a f f e c t  
su b se q u e n t c h o ic e s .  W hile  su ch  d ependence  i s  p o s s ib l e ,  i t  i s  n o t 
c o n s id e re d  l i k e l y  owing to  th e  l e n g th  o f tim e  be tw een  t r i a l s  and 
th e  ab sen c e  o f c h o ic e  r e in fo rc e m e n t  th ro u g h  f e e d in g .
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L e t  r .  d e n o te  th e  number o f t im e s  t h a t  d i e t  i  was s e le c te d  im
when i+m w ere on o f f e r .  I f  th e  s e t  o f p r o b a b i l i t i e s  w ere
known, th e n  th e  p r o b a b i l i t y  o f o b s e rv in g  a s e t  o f outcom es ( r \ ^ )  
i s  p r o p o r t io n a l  to  th e  p ro d u c t o f te rm s  l i k e ;
o )
w here th e  p ro d u c t i s  ta k e n  o v e r  ( i )  th e  g roup o f f o u r  s p e c ie s  on
o f f e r  and ( i i )  a l l  15 ways o f  s e l e c t i n g  any f o u r  from  th e  s ix
anemone s p e c i e s .  I n  th e  p r e s e n t  e x p e r im e n t, th e  s e t  i s  n o t
known, b u t we o b se rv e  and c a n , t h e r e f o r e ,  make in f e r e n c e s
a b o u t (P . ) .im '
G iven  th e  s e t  o f e x p e r im e n ta l  r e s u l t s  ( r \ ^ ^ ,  th e  l ik e l ih o o d  
o f v a lu e s  (P^^^ i s  p r o p o r t io n a l  to  th e  p ro d u c t o f th e  te rm s :
P ^imim
T h is  m odel has 15 x  3 unknown p a ra m e te rs  -  t h e r e  a r e  15 ways o f 
s e l e c t i n g  fo u r  from  s i x  anem ones and t h r e e  unknown p r o b a b i l i t i e s  
f o r  th e  s e l e c t i o n  o f any  f o u r  anemone s p e c ie s  (b e c a u se  we can  
d e r iv e  th e  f o u r th  p r o b a b i l i t y  a s  o n e , m inus th e  sum of th e  o th e r  
t h r e e )
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I n  o rd e r  to  make p r o g r e s s ,  we need to  fo rm u la te  a  more 
p a rs im o n io u s  m odel f o r  th e  s e t  One s ta n d a rd  m ethod i s  to
assum e t h a t  each  s p e c ie s  h a s  a  c e r t a i n  'm e r i t*  o r
'a t t r a c t i v e n e s s * .
I f  th e  a t t r a c t i v e n e s s  o f th e  i t h  s p e c ie s  i s !  1 i , and] fm 
d e n o te s  th e  sum of th e ]  [ - v a lu e s  i n  th e  g roup  m, th e  p r o b a b i l i t y  
t h a t  s p e c ie s  i  w i l l  be s e le c te d  when i+m a r e  on o f f e r  i s  g iv e n  by
p . = — n L _ _  (2 )
An in d e te rm in a c y  i n  t h i s  e q u a t io n ,  due to  th e  f a c t  t h a t  
m u l t ip ly in g  each ] [ - v a lu e  by th e  same c o n s ta n t  would le a v e  P^^ 
u n ch an g ed , can  be removed by r e q u i r in g  t h a t  th e  sum of th e ]  [ i  i s  
u n i t y .  I n  t h i s  m odel, th e  number o f  unknown p a ra m e te rs  h a s  been  
red u ced  from  f o r t y - f i v e  to  f i v e .
The l ik e l ih o o d  (L ) o f th e  unknown] [ i  i s  p r o p o r t io n a l  to  th e  
p ro d u c t  (o v e r  th e  same s i x t y  te rm s  a s  i n  e x p re s s io n  1 ) o f :
What we se ek  a r e  th e  v a lu e s  o f  (] | ^ , . . . . ]  [^) w hich m axim ise th e  
l ik e l i h o o d  [ . , . . . . ]  L )  ( s u b j e c t  to  ] [ .= 1 ) :  i . e . we seeknth o s e  1 I - v a lu e s  w hich a r e  m ost c o n so n a n t w ith  th e  e x p e r im e n ta l  
d a t a .  These v a lu e s  a r e  te rm ed  th e  maximum l ik e l ih o o d  e s t im a te s ,A
d e n o te d  by] i i ;  th e y  can  be o b ta in e d  n u m e r ic a l ly  ( a lo n g  w ith
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t h e i r  a s s o c ia te d  s ta n d a rd  e r r o r s )  w ith  th e  a s s i s t a n c e  o f an  
i t e r a t i v e  fu n c t io n -m a x im iz a t io n  com puter program . F o r  a  g e n e ra l  
a c c o u n t o f maximum l ik e l i h o o d  e s t im a t io n ,  se e  Mood e t  a l . (1974 ,
C h a p te r  V I I ) .
I f  t h e r e  a r e  no d i f f e r e n c e s  i n  a t t r a c t i v e n e s s  be tw een  th e  
s i x  p re y  s p e c i e s ,  each ] f i « 6  . We can  a s s e s s  how a c c e p ta b le  t h i s  
i s  a s  a  h y p o th e s is  by com paring  th e  v a lu e  ta k e n  by th e  l ik e l ih o o d  
u n d e r  t h i s  n u l l  h y p o th e s is  w ith  th e  maximum v a lu e  i t  a t t a i n s  when 
th e  1 f i * s  a r e  d e r iv e d  from  th e  e x p e r im e n ta l  r e s u l t s .  T h is  
l i k e l i h o o d  r a t i o  t e s t  i s  e f f e c t e d  by com paring
A  A  A  A  A  A
2 lo g  [L^ J 12 ^3 4^*^  5^*] W * W * ^  * W
 ^ /vifw ith  a  A jg d i s t r i b u t i o n  (Mood e t  a l . 1974, C h a p te r  IX ) . W ith  t h i s  
t e s t ,  th e  h y p o th e s is  t h a t  th e ]  [ i - v a l u e s  a r e  e q u a l i s  i n  f a c t ,  
c o n v in c in g ly  r e j e c t e d  f o r  b o th  s e t s  o f t r i a l s .  A m ore g e n e ra l  
a c c o u n t o f th e  p r i n c i p l e  o f l ik e l i h o o d  r a t i o  t e s t s  i s  g iv e n  l a t e r  
i n  t h i s  c h a p te r .
The t e s t  o u t l in e d  above p ro v id e s  no in fo r m a t io n  ab o u t th e  
n a tu r e  o f th e  i n d ic a te d  d i f f e r e n c e s  be tw een  th e  a t t r a c t i v e n e s s  o f 
p re y  s p e c ie s ;  th e s e  c a n  be e x p lo re d  w ith  th e  a s s i s t a n c e  o f th e  
s e t  o f  f i f t e e n  v a r i a b l e s  Z , . d e f in e d  by
• s.=.(nrU)'
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A  A  A A
where S .E . (I [. 1 I.) d en o tes  th e  standard e r ro r  o f (1 I ! . ) •rT-n  ^ ^I f  I ' ^ ‘ 'j> i s  a p p ro x im a te ly  a s ta n d a rd  G a u ss ia n  v a r i a b l e ,
w ith  z e ro  mean and u n i t  v a r i a n c e ;  h en ce  th e  m agn itude  of 
g iv e s  an  i n d i c a t i o n  o f how l i k e l y  i t  i s  t h a t l  i 1 i . . F o r  a  
s i n g l e  p r e - s p e c i f i e d  Z^^, a  v a lu e  w hich i s  g r e a t e r  th a n  1 .96
i n d i c a t e s  t h a t  i t  i s  u n l ik e ly  ( p r o b a b i l i t y  P < 0 .0 5 ) t h a t
T here  a r e  d a n g e rs , h ow ever, i n  ( i )  m ere ly  com paring each  o f 
th e  f i f t e e n  Z -v a lu e s  w ith  a  s ta n d a rd  G a u ss ia n  d i s t r i b u t i o n  and 
q u o tin g  th e  a s s o c i a te d  s ig n i f i c a n c e  l e v e l ;  and ( i i )  i n  a llo w in g  
th e  r e s u l t s  o f th e  e x p e rim e n t to  d i c t a t e  th e  com p ariso n s on w hich 
one c o n c e n t r a te s  a t t e n t i o n .  F u r th e rm o re , we w ish  to  make a 
c o m p o s ite  s ta te m e n t  a b o u t th e  r e l a t i o n s h i p s  be tw een  th e  
a t t r a c t i v e n e s s  o f a l l  th e  s p e c ie s  w hich h a s  a  h ig h  p r o b a b i l i t y  o f 
b e in g  c o r r e c t  i n  a l l  i t s  a s s e r t i o n s  ab o u t d i f f e r e n c e s  i n  
a t t r a c t i v e n e s s .
The p roblem  of m u l t ip l e  c o m p ariso n  t e s t s  and th e  c h o ic e  o f a 
s i g n i f i c a n c e  l e v e l  f o r  ea ch  p a ir w is e  co m p ariso n  i s  d is c u s s e d  i n  
H a l l  e t  a l . (1982 ) and w i l l  n o t be c o n s id e re d  h e re ;  s u f f i c e  i t  
i t  to  say  t h a t  th e  m a in te n a n c e  d i e t  i s  re g a rd e d  a s  p r e f e r r e d  to  
a n o th e r  s p e c ie s  i f  th e  c o rre s p o n d in g  Z -v a lu e  e x c eed s  2 .0 8 ; a l l  
co m p ariso n s i n  w hich th e  m a in te n a n c e  d i e t  i s  n o t in c lu d e d  u t i l i z e  
a  Z -v a lu e  o f 2 .3 3 . T h is  i s  b e c a u se  we a r e  a b le  to  c o n s id e r  t e s t s  
re g a rd in g  th e  m a in te n a n c e  d i e t  a s  o n e - s id e d , s in c e  we co u ld  
re a s o n a b ly  s p e c i f y  th e  h y p o th e s is  t h a t  th e  m a in ten an ce  d i e t  would
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be p r e f e r r e d  b e fo re  th e  s t a r t  o f th e  e x p e rim e n t.
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RESULTS.
T a b le s  16 and 17 sum m arize th e  r e s u l t s  o f t r i a l s  f o r  
m o llu s c s  m a in ta in e d  on S . t r o g l o d y t e s . T a b le  16 shows th e  number 
o f tim e s  each  m o llu sc  s e le c te d  each  s p e c ie s  o f anemone d u r in g  th e  
c o u rs e  o f th e  e x p e r im e n t. I n  a  b a la n c e d  e x p e r im e n t, each  m o llu sc  
w ould make 15 c h o ic e s , and a t o t a l  o f 270 d e c is io n s  would be 
re c o rd e d  f o r  a  c o l l e c t i o n  o f  18 m o llu s c s .  F u r th e r ,  i f  no t r i a l  
had to  be r e p e a te d ,  each  s p e c ie s  o f anemone would be o f f e r e d  10 
t im e s  to  each  m o llu s c . As c a n  be se e n  from  T ab le  16 th e  
e x p e rim e n t i s  n o t c o m p le te ly  b a la n c e d ; th e  fo llo w in g  th r e e  
f a c t o r s  a c c o u n t f o r  t h i s  f e a t u r e  o f  th e  d a ta .
( i )  M o llu sc  6 d ie d  d u r in g  th e  p e r io d  o f th e  e x p e r im e n t; i t s  s e t  
o f  t r i a l s  was com ple ted  by m o llu s c  19 .
( i i )  On two o c c a s io n s  ( i . e . f o r  m o llu s c s  3 and 1 8 ) ,  th e  same s e t  
o f  anemones was i n a d v e r t e n t ly  o f f e r e d  more th a n  once to  a  m o llu sc  
d u r in g  i t s  s e t  o f t r i a l s .
( i i i )  More th a n  20% (73 o u t o f  332) o f th e  t r i a l s  w ere te rm in a te d  
when th e  m o llu sc  had n o t s e le c te d  a  cham ber a f t e r  30 m in u te s . 
O f te n , a r e p e t i t i o n  o f th e  t r i a l  f a i l e d  to  p roduce  a  d e c i s io n .  
O b ta in in g  a com p le ted  s e t  o f  t r i a l s  was e x p e c te d  to  r e q u i r e  a 
d i s p r o p o r t i o n a te  amount o f  tim e  r e l a t i v e  to  th e  in fo r m a t io n  
o b ta in a b le ;  a c c o r d in g ly ,  th e  e x p e rim e n t was te rm in a te d  a t  th e  
s ta g e  re c o rd e d  i n  T ab le  16 .
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1T a b le  17. The t o t a l  number o f t im e s  ea ch  s e t  o f f o u r  s p e c ie s  o f 
anemone was o f f e r e d  and a  s e l e c t i o n  m ade, by m o llu sc s  
m a in ta in e d  on S a g a r t i a  t r o g l o d y te s . The two s p e c ie s  
n o t p r e s e n t  i n  th e  s e t  o f fo u r  a r e  th o s e  s p e c i f i e d  
by th e  row and colum n i n  w hich  th e  number a p p e a r s .
AEQG 15
STRO 14 17
MSEN 16 15 14
UREQ 16 15 14 15
URFE 16 16 16 15 14
AEQR AEQG STRO MSEN UREQ
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I n s ta n c e s  i n  w hich a p a r t i c u l a r  s p e c ie s  was s e le c te d  by a 
m o llu s c  a t  l e a s t  one t h i r d  o f th e  tim es  i t  was o f f e r e d  a re  
d e n o te d  by an  a s t e r i s k  i n  T a b le  16. The c o m p le tio n  r a t e  o f 
t r i a l s  was c o n s i s t e n t l y  h ig h  f o r  some in d iv id u a l s  ( e . g . No. 14) 
i n  c o n t r a s t  to  o th e r s  ( e . g . No. 5 ) ,  w hich made a c h o ic e  much
l e s s  o f t e n .  I n  g e n e r a l ,  how ever, in d iv id u a l  v a r i a b i l i t y  i s  n o t
g r e a t .  T h is  i s  r e f l e c t e d  by th e  c o n s is te n c y  o f e x tre m e s  o f 
re s p o n s e  t o ,  f o r  exam p le , S . t r o g lo d y te s  and U . f e l i n a . A
l ik e l i h o o d  r a t i o  t e s t  o f  th e  h y p o th e s is  t h a t  a l l  of th e  m o llu s c s  
had  th e  same s e t  o f  1 l l 's  c o u ld  n o t be r e j e c t e d .  I n  t h i s  
c o n te x t  i t  i s ,  p e rh a p s ,  s u r p r i s i n g  t h a t  U . f e l i n a  sh o u ld  be 
s e le c te d  so i n f r e q u e n t ly  (11 t im e s )  i n  c o n t r a s t  to  i t s  c o n g en er 
U .e q u e s  (41 t im e s ) ,  th e  l a t t e r  b e in g  e x c lu s iv e ly  s u b l i t t o r a l  and 
o f f s h o r e  i n  d i s t r i b u t i o n .  The h ie r a r c h y  f o r  th e  summed
p e rfo rm a n c e s  o f a l l  th e  n u d ib ra n c h s  d o e s , how ever, r e f l e c t  a  
d i s t i n c t  p o l a r i t y  o f  re s p o n s e  w ith  S . t r o g lo d y te s  ( th e  f i e l d  and 
m a in te n a n c e  d i e t )  th e  m ost p r e f e r r e d  and U . f e l i n a  th e  l e a s t  
p r e f e r r e d  i te m .
T ab le  18 p r e s e n t s  th e  Z -v a lu e s  d e r iv e d  from  th e  s t a t i s t i c a l  
m odel and from  th e s e  we can  d i f f e r e n t i a t e  th e  s i g n i f i c a n c e  o f 
s p e c i f i c  d i f f e r e n c e s  w i th in  th e  p r e y - p r e f e r e n c e  h ie r a r c h y  so  
d e r iv e d .  From th e  t a b l e  i t  i s  a p p a re n t  t h a t  S . t r o g lo d y te s  i s  
p r e f e r r e d  over a l l  o th e r  anemone s p e c ie s  and t h a t ,  o f  th e  
rem a in in g  f iv e  s p e c i e s ,  we can  s i g n i f i c a n t l y  d i f f e r e n t i a t e  a  la c k  
o f  p r e f e re n c e  f o r  U . f e l i n a . T h a t i s  to  say  t h a t ,  i n  te rm s o f 
p r e f e r e n c e ,  S . t r o g lo d y te s  > M .s e n i le  = U .eq u es = A .e q u in a  g re e n
T a b le  18. The s e t  o f Z -v a lu e s  r e s u l t i n g  from  th e  a p p l i c a t i o n  o f
th e  s t a t i s t i c a l  m odel to  th e  d a ta  o b ta in e d  from  m o llu sc s  
m a in ta in e d  on S a g a r t i a  t r o g l o d y te s . The row and 
colum n i n  w hich a  number a p p e a rs  s p e c i f y  th e  p a i r  o f 
s p e c ie s  w hich a r e  b e in g  com pared.
AEQR 2 .6 4 2 *
AEQG 4 .0 0 0 * 1 .472
UREQ 4 .2 4 5 * 1 .7 0 4 0 .2 1 6
MSEN 4 .4 7 0 * 1 .9 5 5 0 .471 0 .2 5 8
STRO 6.9 5 4 * 4 .5 4 8 * 3 .1 0 0 * 2 .898* 2 .6 3 8 *
URFE AEQR AEQG UREQ MSEN
* D eno tes  Z -v a lu e  g r e a t e r  th a n  2 .6 3
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“  A .e q u in a  re d  > U . f e l i n a .
On th e  b a s i s  o f t h i s  r e s u l t ,  and i n  view  o f th e  f r e q u e n t  
c i t a t i o n  o f A .e q u in a  i n  p re v io u s  p r e f e re n c e  s t u d i e s ,  th e
m a in te n a n c e  d i e t  was changed to  th e  re d  morph o f  t h i s  s p e c ie s .
The n u d ib ra n c h s  w ere so  m a in ta in e d  f o r  one week b e fo re  
recom m encing t r i a l s  and w ere s i m i l a r l y  fe d  on red  A c t in ia  
th ro u g h o u t th e  t r i a l  p e r io d .
T a b le s  19 and 20 sum m arize th e  r e s u l t s  of t r i a l s  f o r  
m o llu s c s  m a in ta in e d  on re d  A .e q u in a ; th e  fo rm a t o f th e s e  t a b l e s  
i s  th e  same a s  t h a t  f o r  T a b le s  16 and 17 . Fewer m o llu sc s
p a r t i c i p a t e d  i n  th e  second  s e t  o f  t r i a l s  b ecau se  t h e r e  was a 
s h o r ta g e  o f m o llu s c s  a t  t h i s  s ta g e ;  some in d iv id u a l s  w ere 
r e p la c e d  by a n im a ls  a l r e a d y  p a r t i c i p a t i n g  i n  th e  e x p e r im e n t.
I t  i s  n o tew o rth y  t h a t  i n  t h i s  s e r i e s  two p re y  s p e c ie s  ( re d  
A .e q u in a  and S . t r o g l o d y t e s ) w ere  n e v e r  t o t a l l y  ig n o re d  and t h a t  
m ost n u d ib ra n c h s  s e le c te d  re d  A .e q u in a  on a t  l e a s t  a  t h i r d  o f  th e  
o c c a s io n s  t h i s  p re y  was o f f e r e d .  I t  i s  a p p a re n t  a l s o  t h a t  red  
A .e q u in a  has  been  e le v a te d  to  th e  to p  o f  th e  h ie r a r c h y ,  w ith  th e  
i n i t i a l l y  m ost p r e f e r r e d  ite m  ( S . t r o g l o d y t e s ) r e l e g a te d  to  t h i r d  
p o s i t i o n .  From th e  Z -v a lu e s  f o r  th e  second  h ie r a r c h y  (T a b le  21) 
a  somewhat d i f f e r e n t  a r r a y  o f  p r e f e r e n c e s  em erg es . Red A .e q u in a  
i s  now s i g n i f i c a n t l y  p r e f e r r e d  o v e r  a l l  o th e r  i te m s ,  w ith  g re e n  
A .e q u in a  and S . t r o g lo d y te s  i n d i s t i n g u i s h a b l e  from  one a n o th e r ,  
b u t th e m se lv e s  s i g n i f i c a n t l y  m ore p r e f e r r e d  th a n  th e  t r i o  of 
M .s e n i l e ,  U .eques and U . f e l i n a .  T h a t i s ,  red  A .e q u in a  > g re e n
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T a b le  20. The t o t a l  number o f t im e s  e a ch  s e t  o f f o u r  s p e c ie s  o f 
anemone was o f f e r e d  and a s e l e c t i o n  m ade, by m o llu sc s  
m a in ta in e d  on red  A c t in ia  e q u in a . The two 
s p e c ie s  n o t p r e s e n t  i n  th e  s e t  o f  fo u r  a r e  th o s e  s p e c i f i e d  
by th e  row and colum n i n  w hich th e  number a p p e a r s .
AEQG 15
STRO 16 15
MSEN 17 17 16
UREQ 14 13 15 17
URFE 15 14 15 15
AEQR AEQG STRO MSEN
15
UREQ
a
T a b le  21, The s e t  o f Z -v a lu e s  r e s u l t i n g  from  th e  a p p l i c a t i o n  o f
th e  s t a t i s t i c a l  m odel to  th e  d a ta  
m a in ta in e d  on red  A c t in ia  e q u in a , 
colum n i n  w hich a  number a p p e a rs  ; 
s p e c ie s  w hich a r e  b e in g  com pared.
UREQ 0 .2 8 8
MSEN 0.897 0 .6 1 6
STRO 2 .6 4 4 * 2 .3 7 0 * 1 .737
AEQG 2 .6 7 7 * 2 .3 9 9 * 1 .765
AEQR 5 .0 4 4 * 4 .7 7 7 * 4 .1 4 4 *
URFE UREQ MSEN
0 .0 1 3
2 .4 4 5 *  2 .4 4 5 *
STRO AEQG
* D en o tes  a  Z -v a lu e  g r e a t e r  th a n  2 .3 7 .
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A .e q u in a  = S . t r o g lo d y te s  > M « se n ile  = U . f e l i n a  = U .e q u e s . 
H ow ever, th e  d i f f e r e n c e  be tw een  M .s e n i le  and th e  p a i r  (g re e n
A .e q u in a  and S . t r o g l o d y t e s )  i s  i n d ic a te d  l e s s  s t r o n g ly ,  and would 
b e s t  be re g a rd e d  a s  a  s u g g e s t io n  f o r  f u tu r e  i n v e s t i g a t i o n .  I t  i s  
p e rh a p s  r e l e v a n t  t h a t  ch an g in g  th e  m ain te n a n c e  d i e t  to  red
A .e q u in a  d id  n o t in c u r  any m arked change i n  th e  p r e f e re n c e  f o r
g re e n  A .e q u in a , th u s  j u s t i f y i n g  t h e i r  d i s t i n c t i o n .  In  a d d i t io n  
U . f e l i n a  has  rem ained  th e  l e a s t  s e le c te d  i te m . I n  th e  two
s u b - s e t s  o f t r i a l s ,  t h e r e f o r e ,  th e  a e o l id s  responded  s i m i l a r l y  i n  
s e l e c t i n g  th e  m a in te n a n c e  d i e t  m ost f r e q u e n t ly  and by m a in ta in in g  
b ro a d ly  s im i l a r  re s p o n s e s  to  th e  rem a in in g  fo u r  p re y  ite m s
o f f e r e d .  T h is  one can  c o n c lu d e  to  be good e v id e n c e  f o r  i n g e s t iv e  
c o n d i t io n in g  of A e o lid a  p a p i l l o s a  to  i t s  p re y  anem ones.
T a b le  22 shows th e  p r o p o r t io n a l  d u r a t i o n  o f t r i a l s  on w hich 
ea ch  o f th e  s ix  ite m s  w ere on o f f e r  and s e l e c t e d .  F o r  a lm o s t a l l  
p re y  s p e c ie s  i n  b o th  s u b - s e t s  o f  t r i a l s  th e  s e l e c t i o n  re s p o n s e  
was s i m i l a r ,  w ith  m ost t r i a l s  co m p le te  w i th in  n in e  m in u te s , b u t a 
few  r e q u i r in g  up to  t h i r t y  m in u te s .  P e rh ap s  th e  o n ly  m a jo r  
e x c e p t io n  was th e  re s p o n s e  to  U .eq u es  w hich showed an  even  
p r o p o r t i o n a l i t y  o f  tim e  r e s p o n s e s .  I t  i s  r e l e v a n t  to  n o te ,  
h ow ever, t h a t  th e  c o n d i t io n in g  p re y  s p e c ie s  d id  no t e l i c i t  a  more 
r a p id  re sp o n se  tim e a s  m ig h t have  b e e n  e x p e c te d .
T a b le  22. The p r o p o r t io n a l  d u r a t i o n  o f  t r i a l s  on w hich each  o f th e  
s i x  anemone s p e c ie s  w ere on  o f f e r  and w ere s e le c te d
D u ra t io n  S p e c ie s  S e le c te d
STRO
m a in ta in e d
(m in u te s ) UREQ URFE STRO MSEN AEQG AEQR
0—9 0 .6 2 0 .6 4 0 .6 0 0 .4 8 0 .5 8 0 .5 2
10-19 0 .3 4 0 .1 8 0 .3 0 0 .3 3 0 .3 7 0 .3 3
20-29 0 .0 2 0 .0 0 0 .0 9 0 .1 2 0 .0 5 0 .1 5
29+ 0 .02 0 .0 0 0 .0 1 0 .0 7 0 .0 0 0 .0 0
0-9 0 .2 9 0 .5 1 0 .5 8 0 .3 8 0 .49 0 .5 2
10-19 0 .33 0 .3 4 0 .3 2 0 .4 4 0 .31 0 .2 5
20-29 0 . 2 9 0 .1 3 0 .0 5 0 .1 5 0 .1 3 0 .1 2
29+ 0 .0 9 0 .0 2 0 .0 5 0 .0 3 0 .07 0 .0 6
AEQR
m a in ta in e d
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behavioural EXPERIMENT 2
A m o d if ie d  v e r s io n  o f b e h a v io u ra l  e x p e rim en t 1 was 
u n d e r ta k e n  d u r in g  J u ly  and A ugust 1982 a t  th e  F r id a y  H arbor 
L a b o r a to r i e s ,  U n iv e r s i ty  o f  W ash in g to n , U .S .A . The o b je c t iv e  o f 
t h i s  e x p e rim e n t was to  e s t a b l i s h  w h e th e r  th e  i n g e s t iv e  
c o n d i t io n in g  phenomenon e x te n d e d  to  N .W .P a c if ic  A .p a p i l lo s a  -  
w i th  i t s  c o rre s p o n d in g  p r e y - s p e c ie s  -  and to  i n v e s t i g a t e  th e  
e f f e c t s  o f two changes i n  m a in te n a n c e  d i e t .
MATERIALS AND METHODS.
E x p erim en ts  w ere c o n d u c te d  i n  th e  l a b o r a to r y  w ith  t e n
n u d ib ra n c h s  c o l l e c t e d ,  by d iv in g ,  from  th e  town docks a t  F r id a y
H a rb o r. The n u d ib ra n c h s  w ere  p ro b a b ly  a s s o c ia te d  w ith  M .s e n i l e , 
a l th o u g h  th e y  may a l s o  have b e e n  fe e d in g  upon U r t i c in a
c r a s s i c o r n i s  (M ü lle r )  and E .p r o l i f é r a .
The fo llo w in g  fo u r  anemone s p e c ie s  w ere used  i n  p r e y - p r e f e re n c e  
t r i a l s .  The a b b r e v ia t io n s  a r e  u sed  i n  th e  t a b l e s  and f i g u r e s :
A n th o p le u ra  e le g a n t i s s im a  (B ra n d t)  AELE 
M etrid iu m  s e n i l e  ( L . )  MSEN
U r t i c i n a  l o f o t e n s i s  (D a n ie ls o n )  ULOF
E p i a c t i s  p r o l i f é r a  ( V e r r i l l )  EPRO
F o u r anemones w ere  u sed  (com pared to  s ix  i n  b e h a v io u ra l
ie x p e rim e n t 1 ) ,  b e c au se  t h i s  red u c e d  th e  number o f  t r i a l s  r e q u i r e d  j
t o  c o n f id e n t ly  d e te rm in e  p r e f e r e n c e s  i n  th e  u p p e r p a r t  o f th e  j
h ie r a r c h y .  I n e v i t a b l y ,  t h i s  r e s u l t e d  i n  l e s s  r e s o l u t i o n  o f th e
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lo w er p a r t  o f th e  h ie r a r c h y  s in c e  th e  m ost p r e f e r r e d  ite m  was 
p r e s e n t  i n  e v e ry  t r i a l .  The number o f  t r i a l s  r e q u i r e d  to  
c o n f id e n t ly  r e s o lv e  a c o m p le te  p r e f e re n c e  h ie r a r c h y  was
c o n s id e re d  to  be p r o h i b i t i v e l y  l a r g e ,  and a t t e n t i o n  was m ain ly
f o c u s e d , t h e r e f o r e ,  on th e  two m ost p r e f e r r e d  s p e c ie s .
The n u d ib ra n c h s  w ere d iv id e d  i n to  two e q u a l g ro u p s (A and B) 
Each  g roup  was m a in ta in e d  on a g iv e n  anemone d i e t  f o r  t e n  days 
a n d , i n  th e  l a t t e r  f i v e  d a y s , p r e y - p r e f e r e n c e  t r i a l s  w ere
p e rfo rm e d . The m a in te n a n c e  d i e t  was th e n  changed and th e
n u d ib ra n c h s  w ere a llo w e d  to  fe e d  u n in te r r u p te d  f o r  a  f u r t h e r  f iv e
d a y s ; p r e y - p r e f e r e n c e  t r i a l s  w ere th e n  re p e a te d  i n  th e  fo llo w in g  
f i v e  d a y s . T h is  was r e p e a te d  once more to  p ro v id e
p r e y - p r e f e r e n c e  d a ta  f o r  th r e e  d i f f e r e n t  m a in te n a n c e  d i e t s .  
N u d ib ran ch s  i n  Group A w ere  m a in ta in e d  on A .e le g a n t is s im a  f o r  th e  
f i r s t  s e t  o f  t r i a l s ,  E .p r o l i f é r a  f o r  th e  second  s e t ,  and M .s e n i le  
f o r  th e  f i n a l  s e t .  Group B was t r e a t e d  i n  an  i d e n t i c a l  m anner 
e x c e p t  t h a t  th e  o r d e r  i n  w hich  th e  m a in te n a n c e  d i e t s  w ere 
p r e s e n te d  was r e v e r s e d  ( i . e . M .s e n i le  -> E .p r o l i f é r a
A .e le g a n t i s s im a ) . The e x p e rim e n t was ru n  i n  o p p o s i te  d i r e c t i o n s  
f o r  two r e a s o n s .  F i r s t ,  to  l i m i t  th e  e f f e c t  t h a t  th e  d e a th  o f 
n u d ib ra n c h s  ( o r  a  r e d u c t io n  i n  t h e i r  re s p o n s iv e n e s s  o v e r  th e
e x p e r im e n ta l  p e r io d )  w ould have  on th e  s iz e  o f th e  d a ta  s e t  f o r
t h e  f i n a l  anemone d i e t ,  and s e c o n d ly , t o  i n v e s t i g a t e  th e  e f f e c t s  
o f  d i r e c t i o n  o f d i e t  change on p r e y - s e l e c t i o n  r e s p o n s e s .
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A l lo c a t io n  o f  anemone s p e c ie s  to  cham bers f o r  each  t r i a l  was 
u n d e r ta k e n  i n  a  s im i l a r  m anner to  b e h a v io u ra l  e x p e rim e n t 1 such  
t h a t  each  anemone o c c u p ie d  ea ch  cham ber an  e q u a l number of 
t im e s .  The a d d i t i o n a l  c o m p l ic a t io n  o f s e l e c t i n g  th e  anemones f o r  
p r e s e n t a t i o n  i n  each  t r i a l  was rem oved, how ever, s in c e  a l l  fo u r  
s p e c ie s  w ere p r e s e n te d  on e v e ry  o c c a s io n . W ith th e  rem oval of 
t h i s  c o m p lic a t io n  i t  became l e s s  im p o r ta n t  to  r e p e a t  te rm in a te d  
t r i a l s  s in c e  th e y  c o u ld  n o t b i a s  th e  r e s u l t s  th ro u g h  im b a la n c e s  
i n  fre q u e n c y  o f  p r e s e n t a t i o n  o f anemone s p e c ie s .  The r e l a t i v e  
p o s i t i o n s  o f  p re y  anem ones to  one a n o th e r  was a l s o  b a la n c e d  to  
remove any b ia s  t h a t  may have r e s u l t e d  from  two s p e c ie s  
c o n s i s t e n t l y  o c c u r r in g  n e x t to  one a n o th e r .
F o r  each  day upon w hich t r i a l s  w ere ru n , e v e ry  n u d ib ra n c h  
was r e q u i r e d  to  make a c h o ic e  on e ig h t  s e p a r a te  o c c a s io n s .  I n  
b e h a v io u ra l  e x p e rim e n t 1 e a c h  n u d ib ra n c h  was r e q u i r e d  to  make one 
c h o ic e  p e r  day i n  o r d e r  to  red u c e  any e f f e c t s  o f  d iu r n a l  
b e h a v io u ra l  v a r i a t i o n s ;  su c h  'b a la n c in g *  was n o t p o s s ib l e  i n  t h i s  
e x p e rim e n t owing to  th e  l im i t e d  tim e  a v a i l a b l e .  The r e s u l t s  o f 
t h i s  e x p e rim e n t d id  n o t s u g g e s t  t h a t  such  b e h a v io u ra l  d e v ia t io n s  
a r e  im p o r ta n t .  I n  e v e ry  o th e r  r e s p e c t  th e  m ethodo logy  em ployed 
was th e  same as f o r  b e h a v io u r a l  e x p e rim e n t 1 .
S in c e  th e  o b j e c t iv e  o f t h i s  e x p e rim e n t was to  i n v e s t i g a t e  
th e  e f f e c t s  o f i n g e s t i v e  c o n d i t io n in g  and d i e t a r y  h i s t o r y  on 
p r e y - s p e c ie s  s e l e c t i o n ,  th e  s t a t i s t i c a l  m odel u sed  i n  b e h a v io u ra l  
ex p e rim e n t 1 i s  i n a p p r o p r i a t e .  I n  o r d e r  to  a s c r ib e  s t a t i s t i c a l
90
s ig n i f i c a n c e  to  th e s e  d a t a ,  t h e r e f o r e ,  a  second s t a t i s t i c a l  m odel 
h a s  been  d e r iv e d .  T h is  i s  a g a in  a t t r i b u t a b l e  to  Dr A .D .G ordon 
a lth o u g h  much o f th e  d e s c r i p t i o n  was w r i t t e n  by m y s e lf .
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STATISTICAL MODEL FOR EXPERIMENT 2
B r i e f l y  s t a t e d ,  t h i s  a n a ly s i s  u s e s  l ik e l ih o o d  r a t i o  t e s t s  to  
i n v e s t i g a t e  th e  adequacy  o f a  s e r i e s  o f in c r e a s in g ly  r e s t r i c t e d  
m odels to  d e s c r ib e  th e  o b se rv e d  n u d ib ra n c h  r e s p o n s e s .  I n  th e  
f i r s t  p a r t  o f t h i s  s e c t i o n  th e  m odels th e m se lv e s  w i l l  be 
d e s c r ib e d ;  t h i s  w i l l  be fo llo w e d  by an  o u t l i n e  o f  th e  p r i n c i p l e s  
o f  l ik e l i h o o d  r a t i o  t e s t s .
I n  th e  s t a t i s t i c a l  m odel d e s c r ib e d  e a r l i e r  f o r  b e h a v io u ra l  
e x p e rim e n t 1 i t  was n e c e s s a ry  to  fo rm u la te  a  more p a rs im o n io u s  
m odel f o r  th e  s e t  T h is  was a c h ie v e d  by assum ing  t h a t  each
anemone s p e c ie s  had a c e r t a i n  'm e r it*  o r  'a t t r a c t i v e n e s s * .  U nder 
t h i s  a s su m p tio n  a  more r e s t r i c t e d  m odel was fo rm u la te d  w hich had 
o n ly  f i v e  unknown p a ra m e te r s .  S im i la r ly ,  we a r e  a b le  to  
c o n s t r u c t  a  s e t  o f i n c r e a s i n g ly  r e s t r i c t e d  m odels ( i . e . w ith  
few e r unknown p a ra m e te rs )  f o r  th e  n u d ib ra n c h  re s p o n s e s  we o b se rv e  
i n  th e  p r e s e n t  e x p e r im e n t.
The m odels a r e  c o n s t r u c te d  a s  fo llo w s  and a r e  p r e s e n te d  i n  
d e c re a s in g  o rd e r  o f  r e s t r i c t i o n .
B ecause  each  d i e t  i s  on o f f e r  i n  e v e ry  t r i a l ,  th e  r e s p o n s e s  o f 
m o llu s c s  can  be m o d e lled  by a m u ltin o m ia l  d i s t r i b u t i o n .  I n  w hat 
fo llo w s  th e  b la n k  cham ber s e l e c t i o n s  a r e  ig n o re d .
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L e t d e n o te  th e  p r o b a b i l i t y  t h a t  m o llu sc  i ,  c o n d it io n e d
on anemone k , i n  e x p e rim e n t j  ( i . e . A o r  B ) , s e l e c t s  anemone 1 
( i = l , . . . . , 5 ;  k = l , . . . . , 3 ;  j= *l,2 ; 1 = 1 , . . . . , 4 ) .
Model Mg: P i jk i= P j
I n  t h i s  m odel, th e  h y p o th e s is  i s  t h a t  a l l  m o llu sc s  have  th e  same 
p a t t e r n  o f re s p o n s e  i r r e s p e c t i v e  o f  c o n d it io n in g  d i e t  (v a lu e s  o f 
k )  o r  p a s t  h i s t o r y  o f d i e t  ( v a lu e s  o f j ) .  T h is  m odel has th r e e  
unknown p a ra m e te rs  s in c e  i f  we s p e c i f y  th e  p r o b a b i l i t y  o f 
s e l e c t i n g  th r e e  o f  th e  anemone d i e t s ,  th e  f o u r th  i s  known (a s  
th e y  sum to  o n e ) .
Model M^: ^ u k r ^ l
I n  t h i s  m odel, a l l  m o llu s c s  c o n d it io n e d  on th e  same d i e t  have th e  
same p a t t e r n  o f r e s p o n s e ,  i r r e s p e c t i v e  o f p a s t  d i e t a r y  
e x p e r ie n c e .  T h is  m odel h as  3 x 3 = 9  p a ra m e te rs .
Model M2 = P i j k i 'P j k i
I n  t h i s  m odel, a l l  m o llu s c s  w i th  th e  same d i e t a r y  h i s t o r y  have 
th e  same p a t t e r n  o f  r e s p o n s e .  T h is  m odel has  2 x 3 x 3  = 1 8  
p a ra m e te rs .
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Model M3 ; ^ i j k l  ^ i j k l
T h is  i s  th e  m ost g e n e ra l  m odel i n  th e  s e r i e s  and can  be
c o n s id e re d  a s  a m odel o f ea ch  d i f f e r e n t  m o llu s c ’ s in d iv id u a l  
p a t t e r n  o f r e s p o n s e ,  f o r  exam p le , m o llu s c s  w ith  th e  same d i e t a r y  
h i s t o r y  can  have d i f f e r e n t  p a t t e r n s  o f  r e s p o n s e . I f  a  com ple ted  
d a ta  s e t  was a v a i l a b l e  t h i s  m odel w ould have 90 p a ra m e te rs  -  th e
t o t a l  number o f v a lu e s  f o r  th e  number o f s e l e c t i o n s  o f  each
anemone by ea ch  m o llu s c  on e v e ry  c o n d it io n in g  d i e t  i . e .
5 X 2 X 3 X 3 . I n  t h i s  e x p e r im e n t , how ever, some d a ta  a r e  
m is s in g ,  r e s u l t i n g  i n  o n ly  66 p a ra m e te r s .
L e t th e  s u b s c r ip t  q r e p r e s e n t  any  o f th e  s u b s c r i p t s  u sed  i n  
th e  m odels o u t l in e d  above ( i . e . 1 , k l ,  j k l  o r  i j k l ) .  I n  a
m anner s im i l a r  to  th e  m odel f o r  b e h a v io u ra l  e x p e rim e n t 1 th e  
l i k e l i h o o d  o f th e  v a lu e s  i s  p r o p o r t io n a l  to  th e  p ro d u c t  o f  th e  
te rm s
'■qPq
w here r  a r e  th e  o b se rv e d  r e s u l t s  f o r  a  g iv e n  m o d el. I f  nq q
d e n o te s  th e  t o t a l  of a l l  v a lu e s  f o r  r ^ ,  f o r  a  g iv e n  m odel, th e n  
th e  maximum l ik e l ih o o d  o f e a c h  m odel i s  p r o p o r t io n a l  to  th e  
p ro d u c t  o f th e  term s
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The lo g  m a x - l ik e lih o o d  v a lu e s  f o r  each  model a r e ,  t h e r e f o r e ,  
e q u a l  to
c +  2 [ r ^  lo g fq  -  lo g n ^ ] .
From th e  d e r iv e d  lo g  m a x - l ik e l ih o o d  v a lu e s  we a r e  a b le  to  com pare 
i n c r e a s i n g ly  more r e s t r i c t e d  m odels ( i . e . th o s e  w ith  few er 
p a ra m e te rs )  w ith  th e  m ost g e n e r a l  m odel (M^) f o r  d a ta  w ith  no 
s p e c i f i c a l l y  p r e d ic te d  s t r u c t u r e .  C o n s id e r  a more r e s t r i c t e d  
m o d el, f o r  exam ple . The v a lu e  o f th e  maximum l ik e l ih o o d  u n d e r 
t h i s  model m ust be l e s s  th a n  o r  e q u a l to  th e  maximum l ik e l ih o o d  
v a lu e  f o r  M^, s in c e  h a s  a  l a r g e r  number o f p a ra m e te rs  w ith  
w h ich  to  d e s c r ib e  th e  d a ta  a n d , t h e r e f o r e ,  p ro d u ce s  th e  'b e s t*  
( i . e . l a r g e s t )  l ik e l i h o o d  e s t im a te .  I f ,  how ever, i s  a  
r e a l i s t i c  m odel, th e  r a t i o  (18 p a r a m e te r s ) / ! ^  (66  p a r a m e te r s ) ,  
sh o u ld  be c lo s e  to  1 , and -2 1 o g [L ^  ( . . . . ) / L j ^  ( . . . . ) ]  sh o u ld  be 
c lo s e  to  z e ro .
Maximum l ik e l ih o o d  th e o ry  p ro v id e s  a  t e s t  f o r  exam in ing  
w h e th e r  M2 can  be re g a rd e d  a s  an  a d e q u a te  m odel by com paring th e  
te rm
w ith  a A / d i s t r i b u t i o n :  l a r g e  v a lu e s  o f t h i s  r a t i o  le a d  to  th e
r e j e c t i o n  o f th e  h y p o th e s is  t h a t  M2 i s  an  a d e q u a te  m odel ( s e e  
Mood e t  a l . ,  1974, f o r  a  more co m p le te  a c c o u n t o f l ik e l i h o o d
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r a t i o  t e s t s ) .  By com paring  m odels two a t  a tim e  we a re  a b le  to  
d e te rm in e  w h e th e r  more r e s t r i c t e d  m odels p ro v id e  an  a d e q u a te  
d e s c r i p t i o n  o f th e  d a t a ,  th e re b y  a llo w in g  us to  draw c o n c lu s io n s  
r e g a rd in g  th e  re s p o n s e s  o f th e  n u d ib ra n c h s .
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RESULTS.
T a b le s  23 and 24 show th e  r e s u l t s  o f t r i a l s  f o r  g ro ups A and 
B r e s p e c t i v e ly ;  th e  a b s o lu te  and r e l a t i v e  d i s t r i b u t i o n  o f p rey  
anemone s e le c t i o n s  a r e  p r e s e n te d  i n  F ig s .  8 and 9 r e s p e c t i v e ly .  
I n  a  com pleted  d a ta  s e t ,  f o r  n u d ib ra n c h s  c o n d it io n e d  to  a g iv e n  
anemone s p e c i e s ,  ea ch  o f th e  f i v e  n u d ib ra n c h s  w ould make a  t o t a l  
o f 40 c h o ic e s .  As can  be s e e n  from  T a b le s  23 and 24 th e  d a ta  
s e t s  f o r  th e  e x p e rim e n t a r e  n o t c o m p le te : o n ly  647 c h o ic e s  w ere
made from  a  maximum p o s s ib l e  o f  1 ,2 0 0 . The fo llo w in g  f a c t o r s
a c c o u n t f o r  t h i s  f e a t u r e  o f  th e  d a t a .
( i )  2 n u d ib ra n c h s  from  Group A, and 3 from  Group B d ie d  d u r in g  
th e  c o u rse  o f th e  e x p e r im e n t;  th e s e  n u d ib ra n c h s  c o u ld  n o t be 
r e p la c e d .
( i i )  on some o c c a s io n s  n u d ib ra n c h s  f a i l e d  to  make a d e c i s io n .
A lth o u g h  a l a r g e  p r o p o r t io n  o f  th e  in te n d e d  t r i a l s  c o u ld  n o t be 
c o m p le te d , due to  th e  f a c t o r s  o u t l in e d  above , a  s u f f i c i e n t  number 
w ere com ple ted  to  p e rm it  r e l i a b l e  s t a t i s t i c a l  a n a ly s i s .
T a b le  25 p r e s e n t s  th e  lo g  m a x - l ik e lih o o d  r a t i o s  f o r  each  o f 
th e  s t a t i s t i c a l  m odels and th e  r e s u l t s  o f th e  p a i r - w is e  
co m p a riso n  o f more r e s t r i c t e d  m o d e ls . By com paring th e  v a lu e s  i n
t h i s  m anner th e  ad eq u acy  o f  more r e s t r i c t e d  m odels was
e v a lu a te d .
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and th e  r e s u l t s  o f l ik e l i h o o d  r a t i o  t e s t s  f o r  th e  adequacy
o f more r e s t r i c t e d m odels a s  d e s c r ip t i o n s  o f  th e  d a ta  from
E x p erim en t 2 .
Model (M^) Log m a x - l ik e lih o o d  (L ^)
“ o -  854 .1422
-  838 .1469
“ 2 -  821 .1239
M3 -  797 .6248
L ik e lih o o d R a t io  [2 (L  . .  -  L )] x+1 X •*
3 1 .9 9  *** 
3 4 .0 5  *** 
4 7 .0  N.S
C o n c lu s io n : M odel M^  c a n n o t be r e j e c t e d .
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From th e  t a b l e  i t  i s  a p p a re n t  t h a t  f o r  v e rs u s  i s
c o n v in c in g ly  r e j e c t e d ;  f o r  v e r s u s  i s  c o n v in c in g ly
r e j e c t e d  and f o r  M2 v e rs u s  M^, M2 c a n n o t be r e j e c t e d .  Thus we 
c o n c lu d e  t h a t  n o t o n ly  c o n d i t io n in g  d i e t ,  b u t a l s o  p a s t  d i e t a r y  
e x p e r ie n c e  in f lu e n c e s  th e  p a t t e r n  o f r e s p o n s e .
I n  o rd e r  to  v i s u a l i s e  th e  p a t t e r n s  o f re sp o n se  shown u n d e r 
each  c o n d it io n in g  t r e a tm e n t  F ig s .  8 and 9 p r e s e n t ,  r e s p e c t i v e ly ,  
th e  a b s o lu te  ( s c a le d  v a lu e s  w here l e s s  th a n  f i v e  m o llu s c s  w ere 
u s e d )  and p r o p o r t io n a l  s e l e c t i o n  o f each  anem one. I t  s h o u ld , 
p e rh a p s ,  be p o in te d  o u t t h a t  th e  s t a t i s t i c a l  a n a ly s i s  i s  
p e rfo rm ed  on th e  a b s o lu te  d a ta  and c o n c lu s io n s  draw n from  t h i s  
e x p e rim e n t m u st, s i m i l a r l y ,  be b ased  upon th e  a b s o lu te  n u m e ric a l 
re s p o n s e s  o f th e  n u d ib ra n c h s . I n  o r d e r  to  f a c i l i t a t e  c o m p a riso n , 
h ow ever, th e  p a t t e r n s  o f re s p o n s e  can  be fo llo w e d  i n  F ig .  9 
w h ich  shows th e  p r o p o r t io n a l  s e l e c t i o n  f r e q u e n c ie s .  I n  m ost 
c a s e s  th e  p a t t e r n s  d e s c r ib e d  from  th e  p r o p o r t io n a l  d a ta  a r e  
r e f l e c t e d  a b s o lu t e ly .  As a r e s u l t  o f  red u ced  g roup s i z e s ,  
ho w ev er, th e  a b s o lu te  d a ta  i n d i c a t e  a d i s p r o p o r t i o n a te  p r e f e re n c e  
f o r  M .s e n i le  i n  A ( i i i )  and M .s e n i le  and E .p r o l i f é r a  i n  B ( i i ) .
E x a m in a tio n  o f th e  p a t t e r n  o f  re sp o n se  to  M .s e n i le  by Group 
B i n  F ig .  9 ( B ( i )  to  B ( i i i )  re a d in g  from  r i g h t  to  l e f t )
i l l u s t r a t e s  th e  c o n c lu s io n  r e g a rd in g  c o n d it io n in g  and p a s t  
h i s t o r y  o f d i e t .  The number o f t im e s  M .s e n i le  i s  ch o sen  i s  h ig h  
w h ile  th e  n u d ib ra n c h s  a r e  c o n d it io n e d  to  t h i s  s p e c ie s  and rem ains  
h ig h  fo llo w in g  a change i n  m a in te n a n c e  d i e t  to  E .p r o l i f é r a .
F ig u re  8 .
H is to g ram s show ing th e  num bers o f  t r i a l s  i n  w hich each  anemone 
s p e c ie s  was s e le c te d  u n d e r  th e  th r e e  c o n d i t io n in g  reg im es o f 
b e h a v io u ra l  e x p e rim e n t 2 .
A s te r i s k s  d e n o te  i n s t a n c e s  w here th e  v a lu e s  have  been  
a p p r o p r i a t e ly  s c a le d  i n  o r d e r  to  p e rm it  com parisons betw een  d a ta  
g e n e ra te d  w ith  red u ced  g roup  s i z e s .
* D eno tes th r e e  n u d ib ra n c h s  w ere u s e d .
S c a lin g  f a c t o r  = 1 .6 6
** D eno tes  two n u d ib ra n c h s  w ere u s e d .
S c a lin g  f a c t o r  = 2 .5
*  : 
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F ig u re  9 .
H is to g ra m s show ing th e  p r o p o r t io n  o f  t r i a l s  i n  w hich each  anemone 
s p e c ie s  was s e le c te d  u n d e r  th e  th r e e  c o n d it io n in g  reg im es o f 
b e h a v io u ra l  e x p e rim e n t 2 .
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H ow ever, th e  number o f t im e s  E .p r o l i f é r a  was ta k e n  i s  a c t u a l l y  
g r e a t e r  and i n  th e  a b s o lu te  d a ta  a r i s e  i n  N .s e n i le  s e l e c t i o n  i s  
p r e d ic te d  from  th e  s c a l i n g .  S e l e c t io n  o f M .s e n ile  f a l l s  by th e  
tim e  th e  d i e t  i s  changed to  A .e le g a n t is s im a  ( B ( i i i ) ) .  A s im i l a r  
p a t t e r n  can  be s e e n  f o r  E .p r o l i f é r a  i n  Group A ( F ig .  9 ) ;  th e  
p r o p o r t io n a l  s e l e c t i o n  f re q u e n c y  r i s e s  from A ( i)  to  A ( i i ) ,  
fo llo w in g  th e  change i n  c o n d i t io n in g  d i e t  to  E .p r o l i f é r a , and 
th e n  rem ains  h ig h  a f t e r  th e  f i n a l  change to  M .s e n i le  shown in
A ( i i i ) .  A g a in , th e  s c a l in g  f a c t o r  f o r  th e  a b s o lu te  v a lu e s  
p r e d i c t s  a  s l i g h t  r i s e  i n  th e  s e l e c t i o n  fre q u e n c y  o f  E .p r o l i f é r a  
i n  A ( i i i )  ( F ig .  8 ) .
F o llo w in g  a  c h an g e , a  c o n tin u in g  h ig h  s e l e c t i o n  fre q u e n c y  
f o r  th e  p re v io u s  m a in te n a n c e  d i e t  was n o t alw ays o b s e rv e d . F o r 
exam p le , th e  p r o p o r t io n a l  s e l e c t i o n  fre q u e n c y  o f A .e le g a n t is s im a  
( F ig .  9 ) f a l l s  from  A ( i)  to  A ( i i )  im m ed ia te ly  fo llo w in g  th e  
change i n  m a in te n a n c e  d i e t  from  A .e le g a n t is s im a  to  E .p r o l i f é r a .
B ecause d a ta  a r e  m ore p l e n t i f u l  f o r  n u d ib ra n c h s  c o n d it io n e d  
to  M .s e n i l e , th e  c o n c lu s io n s  a r e  somewhat b ia s e d  to w ard s 
d i f f e r e n c e s  d e te c te d  i n  th e s e  s e t s  o f t r i a l s .  The o v e r a l l  
p a t t e r n  o f re sp o n se  i s  somewhat l e s s  c l e a r  th a n  in  b e h a v io u ra l  
e x p e rim e n t 1; t h i s  i s  a lm o s t c e r t a i n l y  due to  th e  s m a ll  group 
s i z e s  fo llo w in g  th e  d e a th  o f  i n d iv i d u a l s  d u r in g  th e  e x p e r im e n t. 
A lth o u g h  d i f f e r e n t  s e t s  o f n u d ib ra n c h s  w ere u sed  i n  Groups A and
B, th e s e  (and  th e  p re v io u s )  r e s u l t s  s u g g e s t  t h a t  d i f f e r e n c e s  a r e
u n l ik e ly  to  be cau sed  by d i f f e r e n c e s  i n  th e  b e h a v io u r  o f
in d iv i d u a l  m o llu s c s .
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An e x a m in a tio n  o f F ig .  9 shows t h a t  Group A*s p r e f e re n c e  f o r  
E . p r o l i f é r a  c a r r i e s  o v e r  to  th e  t r i a l s  fo llo w in g  t h e i r  
c o T u iitio n in g  on to  M .s e n i l e . T h is  s u g g e s ts  t h a t  i t  may be more 
d i f f i c u l t  to  'remove* c o n d i t io n in g  to  E .p r o l i f é r a  th a n  i t  i s  f o r  
o th e r  s p e c i e s .  The f re q u e n c y  w ith  w hich E .p r o l i f é r a  was s e le c te d  
i n  a l l  s e t s  o f t r i a l s  s u g g e s ts  t h a t  t h i s  s p e c ie s  may be a h ig h ly  
p r e f e r r e d  item  r e g a r d le s s  o f th e  c o m p le x it ie s  o f i n g e s t i v e  
c o n d i t io n in g .
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BEHAVIOURAL EXPERIMENT 3
The o b je c t iv e  o f t h i s  e x p e r im e n t was to  f u r t h e r  i n v e s t i g a t e ,  
f o r  E uropean  A .p a p i l l o s a , th e  im p o r ta n c e  o f p a s t  d i e t a r y  h i s t o r y  
w hich  was shown to  be im p o r ta n t  i n  p re y  p r e f e re n c e  d e te r m in a t io n s  
f o r  N.W. P a c i f i c  A .p a p i l l o s a .
MATERIALS AND METHODS.
Two s e p a r a te  e x p e r im e n ts  w ere  u n d e r ta k e n  s im u lta n e o u s ly  
b e tw een  J a n u a ry  and May 1983 u s in g  a  t o t a l  o f 20 n u d ib ra n c h s  
c o l l e c t e d  from  R obin  H o o d 's  Bay, N o rth  Y o rk s h ir e .  These 
n u d ib ra n c h s  w ere  s i m i l a r  to  th o s e  i n  th e  f i r s t  b e h a v io u ra l  
e x p e r im e n t , i n  t h a t  th e y  had been  e x c lu s iv e ly  a s s o c i a te d  w ith  
S . t r o g lo d y te s  i n  th e  f i e l d .
The fo llo w in g  f o u r  anemone s p e c ie s  w ere  used  ( th e  a b b r e v ia t io n s  
a r e  used  i n  th e  t a b l e ) :
A c t in i a  e q u in a  (Red Morph) AEQR
S a g a r t i a  t r o g lo d y te s  STRO
M etrid iu m  s e n i l e  MSEN
U r t i c i n a  f e l i n a  URFE
The number o f  anemone s p e c ie s  was red u ced  from  s ix  to  f o u r  f o r  
th e  same r e a s o n  o u t l in e d  i n  th e  second  b e h a v io u ra l  e x p e rim e n t 
( i . e . t o  red u c e  th e  number o f  t r i a l s  r e q u ir e d  to  e lu c i d a t e  th e  
u p p e r  p a r t  o f th e  p r e f e r e n c e  h i e r a r c h y ) .
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Two g roups o f t e n  n u d ib ra n c h s  w ere used  i n  each  o f two 
s im u lta n e o u s  e x p e r im e n ts , h e r e a f t e r  r e f e r r e d  to  a s  e x p e rim e n ts  
3 ( i )  and 3 ( i i )  r e s p e c t i v e l y .  Each o f th e s e  e x p e rim e n ts  was 
e s s e n t i a l l y  s im i l a r  to  b e h a v io u r a l  e x p e rim e n t 2 i n  t h a t  two 
g ro u p s o f f iv e  n u d ib ra n c h s  e x p e r ie n c e d  two changes i n  m ain te n a n c e  
d i e t  a n d , u s in g  th e  c h o ic e -c h a m b e r  a p p a r a tu s ,  th e  p r e y - s e l e c t i o n  
re s p o n s e s  w ere d e te rm in e d  f o r  th e  th r e e  m a in ten an ce  d i e t s .  The 
d i r e c t i o n  o f d i e t  changes was r e v e r s e d  f o r  one group  o f f iv e  i n  
each  e x p e rim e n t a s  a t  F r id a y  H a rb o r. A summary o f th e  d i e t  
changes f o r  m o llu s c s  i n  each  e x p e rim e n t i s  shown i n  th e  t a b l e  
be low .
E xpt
3 ( i )
1 s t  D ie t  2nd D ie t  3 rd  D ie t  
Group C MSEN URFE AEQR
Group D AEQR URFE MSEN
E xpt
3 ( i i )
Group E AEQR
Group F STRO
MSEN
MSEN
STRO
AEQR
Each group  was c o n d it io n e d  to  i t s  r e s p e c t iv e  anemone d i e t  
f o r  t e n  days b e fo re  b e g in n in g  th e  e x p e rim e n t s in c e  tim e  was n o t 
r e s t r i c t e d  a s  i n  F r id a y  H a rb o r. F o llo w in g  th e  c o m p le tio n  o f a 
s e t  o f  t r i a l s  th e  m a in te n a n c e  d i e t  was changed and th e  
n u d ib ra n c h s  w ere a llo w e d  to  fe e d  f o r  t e n  days b e fo re  t r i a l s  w ere 
recom m enced. T r i a l s  f o r  each  e x p e rim e n t w ere pe rfo rm ed  on 
a l t e r n a t e  days and i n d iv i d u a l s  w ere e x p e c te d  to  make betw een  one 
and fo u r  c h o ic e s  on any  one d ay ; a  t o t a l  o f f i f t e e n  t r i a l s  w ere
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ru n  f o r  each  i n d i v i d u a l .  Each d a ta  s e t  f o r  a  g iv e n  d i e t  to o k  
a p p ro x im a te ly  one m onth to  co m p le te  s in c e  i t  was n o t p o s s ib l e  to  
ru n  t r i a l s  e v e ry  d ay .
I n  e v e ry  o th e r  r e s p e c t  th e  m ethodo logy  employed i s  th e  same 
a s  t h a t  u sed  i n  b e h a v io u ra l  e x p e r im e n ts  1 and 2 and th e  r e s u l t s  
have  been  a n a ly s e d  u s in g  th e  s t a t i s t i c a l  m odels o u t l in e d  f o r  
b e h a v io u ra l  e x p e rim e n t 2 .
RESULTS.
B e h a v io u ra l  E x p erim en t 3 ( i ) .
T a b le s  26 and 27 show th e  r e s u l t s  o f  t r i a l s  f o r  g ro u p s C and 
D r e s p e c t i v e l y .  I n  a co m p le ted  d a ta  s e t ,  f o r  n u d ib ra n c h s  
c o n d it io n e d  to  a  g iv e n  anemone s p e c i e s ,  each  o f  th e  f i v e  
in d iv i d u a l s  i n  a  g roup  w ould make 15 c h o ic e s .  As can  be se e n  
from  th e  r e s u l t s ,  th e  d a ta  a r e  n o t c o m p le te . T h is  can  be 
a c c o u n te d  f o r  by th e  fo llo w in g  f a c t o r s :
( i )  one m o llu sc  (B3) d ie d  d u r in g  th e  c o u rse  o f  th e  e x p e r im e n t.
( i i )  on some o c c a s io n s  n u d ib ra n c h s  f a i l e d  to  make a d e c i s io n .  A 
t o t a l  o f 354 d e c is io n s  w ere made o u t o f a  p o s s ib le  450 f o r  a 
co m p le ted  e x p e r im e n t. D e s p ite  th e s e  m is s in g  d a ta  enough 
d e c is io n s  w ere made to  a llo w  a n a ly s i s  o f th e  r e s u l t s  u s in g  th e  
s t a t i s t i c a l  m odels from  b e h a v io u ra l  e x p e rim e n t 2 .
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T a b le  28 . Log m a x - l ik e l ih o o d  v a lu e s  and l ik e l ih o o d  r a t i o  t e s t s  f o r  
Expe r im e n t 3 ( 1 ) .
Model (M )X
M,
M.
Mr
Log m a x - l ik e lih o o d  (L^)
-  404 .3313
-  395 .1203
-  384 .9960
-  347 .2456
L ik e l ih o o d  R a t io  [2(L  .  ^ -  L )]  ^ x f l  x'-*
18 .4 2 2  *** 
2 0 .2 4 9  *** 
7 5 .5 0 0  N .S .
C o n c lu s io n : Model M^  c a n n o t be r e j e c t e d .
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T a b le  28 shows th e  Log M ax-L ikel lh o o d  R a tio s  and th e  r e s u l t s  o f 
th e  p a irw is e  co m p ariso n s o f more r e s t r i c t e d  m o d els . From th e  
t a b l e  i t  i s  a p p a re n t  t h a t  th e  r e s u l t s  i n d i c a t e  a  s im i l a r  p a t t e r n  
o f  re sp o n se  to  t h a t  shown i n  b e h a v io u ra l  ex p e rim e n t 2 i n  th e  
U .S .A . i . e . Model M^  c a n n o t be r e j e c t e d .  From t h i s  i t  i s
co n c lu d ed  t h a t ,  once a g a in ,  n o t o n ly  th e  c o n d i t io n in g  d i e t  b u t 
a l s o  p a s t  d i e t a r y  e x p e r ie n c e  i n f lu e n c e s  th e  p a t t e r n  o f  r e s p o n s e .
I n  v iew  o f th e  l e s s  p l e n t i f u l  d a ta  i n  b e h a v io u ra l  e x p e rim e n t 3 
th e  s ig n i f i c a n c e  l e v e l  h a s  b e e n  red u ced  to  p = .0 5 .
F ig s .  10 and 11 ( r e s p e c t i v e l y )  show th e  a b s o lu te  and 
p r o p o r t io n a l  number o f t im e s  ea ch  s p e c ie s  was s e l e c t e d ,  when an  
anemone was a c t u a l l y  c h o se n , f o r  each  o f th e  t r e a tm e n ts  i n  
e x p e rim e n t 3 ( i ) .  The p a t t e r n s  o f  s e l e c t i o n  a r e  d is c u s s e d  i n  th e  
same m anner a s  f o r  b e h a v io u ra l  e x p e rim e n t 2; th e  p r o p o r t io n a l  
s e l e c t i o n s  shown i n  F ig .  11 a r e  u sed  to  i l l u s t r a t e  th e  p a t t e r n s  
a n d , a lth o u g h  i n  m ost c a s e s  th e s e  a r e  r e f l e c t e d  i n  th e  a b s o lu te  
v a lu e s  ( F ig .  1 0 ) , any d e p a r tu r e s  from  t h i s  p a t t e r n  a r e  n o te d . A 
g e n e r a l  t r e n d  i n  th e  p a t t e r n  o f  anemone s e l e c t i o n  can  be se e n  i n  
t h a t  th e  fre q u e n c y  w ith  w hich a  p a r t i c u l a r  s p e c ie s  i s  ch o sen  
rem a in s  low u n t i l  m o llu s c s  a r e  c o n d it io n e d  to  t h a t  s p e c i e s .  The 
f re q u e n c y  th e n  r i s e s  to  a  maximum d u r in g  c o n d i t io n in g ,  and f a l l s  =0
to  an  in te r m e d ia te  l e v e l  fo llo w in g  th e  change to  a  new 
c o n d i t io n in g  d i e t .  An exam ple o f t h i s  can  be s e e n  by fo llo w in g  
th e  p a t t e r n  o f re s p o n s e  to  U . f e l i n a  th ro u g h  C ( i)  to  C ( i i i )  i n  
F ig .  11 . A r e l a t e d  p a t t e r n  can  be o b se rv ed  f o r  th e  i n i t i a l  
c o n d i t io n in g  d i e t  ( i . e . M .s e n i le  f o r  group C and A .e q u in a  f o r  
g roup  D); th e  p r o p o r t io n a l  s e l e c t i o n  fre q u e n c y  o f  b o th  s p e c ie s
F ig u re  10.
H is to g ram s show ing th e  num bers o f t r i a l s  i n  w hich each  anemone 
s p e c ie s  was s e le c te d  u n d e r th e  th r e e  c o n d it io n in g  reg im es o f 
b e h a v io u r a l  e x p e rim e n t 3 ( i ) .
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F ig u re  11 .
H is to g ram s show ing th e  p r o p o r t io n  o f  t r i a l s  i n  w hich ea ch  anemone 
s p e c ie s  was s e le c te d  u n d e r  th e  t h r e e  c o n d it io n in g  reg im es o f 
b e h a v io u ra l  e x p e rim e n t 3 ( i ) .
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f a l l s  s l i g h t l y  from  g ra p h s  ( i )  to  ( i l l ) .  S im i la r ly ,  th e  p a t t e r n  
o f  re sp o n se  to  th e  f i n a l  d i e t  rem a in s  low i n  g rap h s  ( i )  and ( i i )  
f o r  b o th  g roups and r i s e s  a f t e r  th e  f i n a l  d i e t  chan g e . Over and 
above th e s e  f e a t u r e s  o f  th e  r e s p o n s e s  to  in d iv id u a l  anemone 
s p e c i e s ,  th e  m o llu s c s  a p p e a r  to  d e m o n s tra te  an  o v e r a l l  p r e f e re n c e  
f o r  A .e q u in a ; t h i s  was n o t i n d ic a te d  i n  p re v io u s  e x p e r im e n ts . 
A lth o u g h  th e  d i f f e r e n c e s  i n  r e s p o n s e  i l l u s t r a t e d  i n  F ig .  11 a r e  
i n  some in s ta n c e s  s m a l l ,  th e  p a t t e r n  o f re sp o n se  i s  c o n s i s t e n t .  
G r e a te r  r e p l i c a t i o n  w o u ld , u n d o u b te d ly , have r e s u l t e d  i n  b e t t e r  
r e s o l u t i o n  i n  th e  d a t a ,  b u t th e  em phasis i n  th e s e  l a t t e r  
e x p e rim e n ts  h a s  been  on th e  more p r e f e r r e d  s p e c i e s .  D e s p ite  
th e s e  a p p a re n t ly  sm a ll  d i f f e r e n c e s ,  th e  s t a t i s t i c a l  a n a l y s i s ,  
b a sed  on th e  a b s o lu te  d a ta ,  shows c l e a r l y  t h a t  a  s i g n i f i c a n t  
p a t t e r n  o f n u d ib ra n c h  r e s p o n s e s  o b t a i n s .  In d eed  i t  i s  t h i s  v e ry  
c o n s is te n c y  o f re s p o n s e  w hich h as  r e s u l t e d  i n  th e  a c c e p ta n c e  o f 
th e  s t a t i s t i c a l  m odel I t  i s  r e a s o n a b le ,  t h e r e f o r e ,  to
c o n s id e r  th e s e  r e s u l t s  a s  g e n u in e  s u p p o r t  f o r  th e  h y p o th e s is  
c o n c e rn in g  i n g e s t i v e  c o n d i t io n in g  and p a s t - h i s t o r y  o f d i e t  a s  
d e te rm in a n ts  o f i n i t i a l  p r e y - s e l e c t i o n  re s p o n s e .
B e h a v io u ra l  E x p e rim en t 3 ( i i ) .
T a b le s  29 and 30 show th e  r e s u l t s  o f  t r i a l s  f o r  g ro u p s E and 
F r e s p e c t i v e ly .  A t o t a l  o f 358 d e c is io n s  w ere made o u t o f a  
p o s s ib l e  450. The m is s in g  d a ta  a r e  a  r e s u l t  o f  th e  d e a th  of 
m o llu sc  A4 d u r in g  th e  c o u rs e  o f  th e  e x p e rim e n t and th e  f a i l u r e  of 
some n u d ib ra n c h s  to  make a d e c i s i o n  on some o c c a s io n s .
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T a b le  31 . Log m a x - l lk e l ih o o d  v a lu e s  and l ik e l ih o o d  r a t i o  t e s t s  f o r  
E x p e rim en t 3 ( 1 1 ) .
Model (M^) Log m a x - l lk e llh o o d  (L^J
Mq -  395.565
-  391.899
Mg -  378.189
M3 -  333.842
L ik e lih o o d  R a t io  [2(L  . .  -  L )]x f l  x ^
27.420 ***
88.694 N.S.
C o n c lu s io n : Model Mg can n o t be r e j e c t e d
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The d a ta  have been  a n a ly s e d  in  an i d e n t i c a l  m anner to  
b e h a v io u r a l  e x p e rim e n t 3 (1 )  and T ab le  31 shows th e  Log 
M ax -L lk e llh o o d  R a t io s  and th e  r e s u l t s  o f p a irw is e  co m p ariso n s o f 
more r e s t r i c t e d  m o d e ls . T hese r e s u l t s  a r e  I n  ag reem en t w ith
b e h a v io u ra l  e x p e rim e n t 3 (1 )  and we th u s  c o n c lu d e  t h a t
c o n d i t io n in g  d i e t  and p a s t  h i s t o r y  o f d i e t ,  once a g a in ,
In f lu e n c e d  th e  p a t t e r n  o f  r e s p o n s e .  F ig s .  12 and 13,
r e s p e c t i v e l y ,  show th e  a b s o lu te  and p r o p o r t io n a l  s e l e c t i o n  
f re q u e n c y  o f anemone s p e c ie s  u n d e r  each  o f th e  th r e e  c o n d i t io n in g  
re g im e s . The p a t t e r n s  o f  re s p o n s e  a r e  s im i la r  to  th o s e  f o r  
b e h a v io u r a l  e x p e rim e n t 3 (1 )  shown I n  F ig s  10 and 11 a l th o u g h  th e  
re s p o n s e s  to  some anemone s p e c ie s  a r e  somewhat l e s s  c o n s i s t e n t .  
R esp o n ses  to  S . t r o g lo d y te s  a r e  n o ta b le  I n  t h i s  r e s p e c t ;  th e  
p r o p o r t io n a l  s e l e c t i o n  f re q u e n c y  u n a c c o u n ta b ly  r i s e s  from  E ( l )  to  
E ( l l )  ( F ig .  13) fo llo w in g  a change I n  c o n d i t io n in g  d i e t  from  
A .e q u in a  to  M .s e n i l e . F u r th e rm o re , f o r  group  F ( F ig .  13) 
s e l e c t i o n  o f  S . t r o g lo d y te s  I n c r e a s e s  ( F ( l l ) )  fo llo w in g  a 
c o n d i t io n in g  change from  S . t r o g lo d y te s  to  M .s e n ile  a l th o u g h  I t  
s u b s e q u e n t ly  f a l l s  back  on c o n d i t io n in g  to  A .e q u in a  ( F ( l l l ) ) .
D e s p ite  th e s e  I n c o n s i s t e n c i e s ,  how ever, th e  b ro ad  p a t t e r n s  
o b se rv e d  I n  b e h a v io u ra l  e x p e rim e n t 3 (1 )  ( F ig s .  10 and 11) can  
a l s o  be se e n  h e r e .  F o r  exam p le , fo llo w in g  th e  r e s p o n s e s  to  
M .s e n i le  from  F ( i )  to  F ( l l l ) :  th e  p r o p o r t io n a l  s e l e c t i o n
f re q u e n c y  r i s e s  when th e  c o n d i t io n in g  d i e t  I s  changed from  
S . t r o g lo d y te s  to  M .s e n i le  and th e n  f a l l s  to  an  I n te r m e d ia te  l e v e l  
I n  F ( l l l ) .  S im i la r ly ,  fo l lo w in g  re sp o n se s  to  th e  I n i t i a l
F ig u re  12.
H isto g ram s show ing th e  num bers o f t r i a l s  i n  w hich each  anemone 
s p e c ie s  was s e le c te d  u n d e r th e  th r e e  c o n d it io n in g  reg im es o f 
b e h a v io u ra l  e x p e rim e n t 3 ( i i ) .
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H is to g ram s show ing th e  p r o p o r t io n  o f t r i a l s  i n  w hich ea ch  anemone 
s p e c ie s  was s e le c te d  u n d e r th e  th r e e  c o n d it io n in g  reg im es o f 
b e h a v io u ra l  e x p e rim e n t 3 ( i i ) .
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c o n d i t io n in g  d i e t  (A .e q u in a ) i n  group  E ( F ig .  1 3 ): th e
p r o p o r t io n a l  s e l e c t i o n  f re q u e n c y  i s  h ig h  i n  E ( i ) ,  th e n  f a l l s  
s l i g h t l y  i n  E ( i i )  and y e t  f u r t h e r  i n  E ( i i i ) .  I t  sh o u ld  be n o te d , 
how ever, t h a t  t h i s  same p a t t e r n  i s  n o t r e f l e c t e d  by th e  a b s o lu te  
d a ta  ( F ig .  1 2 ) , w hereby  s e l e c t i o n  o f A .e q u in a  r i s e s  i n  E ( i i )  and 
f a l l s  back  s l i g h t l y  i n  E ( i i i ) .  T h is  i s  a lm o s t c e r t a i n l y  due to  
th e  s m a l le r  number o f com p le ted  t r i a l s  (38 com pared to  55) i n  
E ( i ) .
I n  summary, th e  r e s u l t s  o f  e x p e rim e n ts  3 ( i )  and 3 ( i i )  b o th  
s u p p o r t  th e  c o n c lu s io n  t h a t  b o th  p r e s e n t  c o n d i t io n in g  d i e t  and 
p a s t  h i s t o r y  o f  d i e t  i n f lu e n c e  th e  p re y  s e l e c t i o n  re s p o n s e s  o f 
A .p a p i l l o s a . T hus, n u d ib ra n c h s  fe e d in g  on th e  same d i e t  may n o t 
s e l e c t  p rey  i n  s i m i l a r  p r o p o r t io n s  i f  t h e i r  d i e t a r y  h i s t o r i e s  
d i f f e r .  The m arked d i f f e r e n c e s  i n  g ra p h s  ( i )  and ( i i i )  be tw een  
g ro u p s  i n  each  o f th e  e x p e r im e n ts  ( F ig s .  11 and 13 ) c l e a r l y  
i l l u s t r a t e  t h i s  p o i n t .  By c o n t r a s t  i n  th e  o n ly  two c a se s  i n  
w h ich  th e  n u d ib ra n c h s  had  e x p e r ie n c e d  th e  same d i e t a r y  h i s t o r y  
( i * e . C ( i i i )  ( F ig .  11) and E ( i )  ( F ig .  1 3 ))  th e  re s p o n s e s  a r e  
m ark ed ly  s i m i l a r  w ith  th e  e x c e p t io n  o f p r o p o r t io n a l  r e s p o n s e s  to  
A .e q u in a  and U . f e l i n a .
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GENERAL DISCUSSION OF THE THREE BEHAVIOURAL EXPERIMENTS
As p r e v io u s ly  o u t l i n e d  i n  th e  i n t r o d u c t i o n  to  t h i s  c h a p te r ,  
a  v a r i e t y  o f e x p e r im e n ta l  d e s ig n s  h av e  been  used  to  o b ta in  d a ta  
on p r e y - p r e f e r e n c e s  i n  A .p a p i l l o s a . A number o f f e a t u r e s  o f 
th e s e  s tu d i e s  d e t r a c t  somewhat from  t h e i r  u t i l i t y .  The m ost 
n o ta b le  o f th e s e  a r e :
( i )  g roups o f n u d ib ra n c h s  w ere  o f t e n  u s e d , th e re b y  p r e c lu d in g  th e  
a n a ly s i s  o f  i n d iv i d u a l  b e h a v io u ra l  p a t t e r n s .
( i i )  i n  a l l  c a s e s ,  s t a t i s t i c a l l y  a d e q u a te  r e p l i c a t i o n  o f c h o ic e  
e x p e r im e n ts  was somewhat l a c k in g .
The p r e s e n t  e x p e r im e n ta l  d e s ig n  h a s  n e c e s s i t a t e d  c o n s id e r a b le  -  
b u t by no means p r o h i b i t i v e  -  r e p l i c a t i o n ,  and h a s  a l s o  p e rm it te d  
th e  m o n ito r in g  o f  i n d iv i d u a l  b e h a v io u r .  F u r th e rm o re , t h e r e  i s  no 
p o s s i b i l i t y  o f  g ro u p -m e d ia te d  m o d if ic a t io n  o f i n d iv id u a l  
b e h a v io u r . T hus, th e  m a jo r  s o u rc e s  o f  e r r o r ,  o u t l in e d  above f o r  
p re v io u s  i n v e s t i g a t i o n s ,  hav e  b een  l a r g e l y  c irc u m v e n ted  i n  th e  
p r e s e n t  s tu d y . I t  i s  im p o r ta n t  to  em p h a s ise , how ever, t h a t  no 
r e in fo rc e m e n t  o f  c h o ic e ,  th ro u g h  f e e d in g ,  c o u ld  be p e rm it te d  i n  
th e s e  e x p e rim e n ts  and th u s  i t  i s  n e c e s s a ry  to  e q u a te  o l f a c to r y  
c h o ic e  w ith  su b se q u e n t f e e d in g  a c t i v i t y .  C le a r ly ,  t h i s  may n o t 
i n  f a c t  o b ta in  a l th o u g h  I  am c o n f id e n t  t h a t ,  i f  p e rm i t te d ,  
s u b s e q u e n t p re y  c o n ta c t  w ould have  been  made.
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The e x p e rim e n ts  have  shown t h a t  i n g e s t i v e  c o n d it io n in g  p la y s  
an  im p o r ta n t  p a r t  i n  d e te rm in in g  th e  re sp o n se s  o f A .p a p i l lo s e  
when se e k in g  p re y  i te m s .  B e h a v io u ra l  e x p e rim e n ts  2 and 3 a ls o  
d e m o n s tra te  t h a t  p a s t  d i e t a r y  h i s t o r y  i s  an  im p o r ta n t  d e te rm in a n t  
o f i n d iv id u a l  n u d ib ra n c h  r e s p o n s e s .  These d a ta  i n d i c a t e  t h a t  
i n g e s t i v e  c o n d i t io n in g  r e s u l t s  i n  a  g rad ed  re sp o n se  to  anemone 
s p e c ie s  w hich i s  d e te rm in e d  by th e  i d e n t i t y  o f r e c e n t  d i e t a r y  
i te m s  and th e  o rd e r  i n  w hich  th e y  w ere consum ed. In  v iew  o f t h i s  
one m igh t p r e d i c t ,  on th e  b a s i s  o f  i n g e s t i v e  c o n d i t io n in g  a lo n e , 
a  p r o b a b i l i s t i c  m odel i n  w hich  th e  m ost r e c e n t ly  e a te n  p re y  ite m  
i s  m ost l i k e l y  to  be s e le c te d  on th e  n e x t o c c a s io n . Take an  
exam ple i n  w hich a p r e d a to r  h a s  a  c h o ic e  o f  th r e e  p re y  s p e c ie s  
(A, B and C ) . I f  th e  l a s t  e ig h t  m eals  w ere th e  sequence
C ,B ,B ,B ,A ,A ,A ,A  th e  m odel would p r e d i c t  t h a t  s p e c ie s  A i s  m ost 
l i k e l y  to  be s e le c te d  on th e  n e x t o c c a s io n . S p e c ie s  B i s  th e
second  m ost p ro b a b le  c h o ic e  and s p e c ie s  C th e  l e a s t  p ro b a b le .
T h is  may be f u r t h e r  c o m p lic a te d , how ever, b ecau se  th e  q u a n t i t i e s  
o f  each  food  s p e c ie s  consumed a r e  l i k e l y  to  have a b e a r in g  on th e  
d e g re e  o f c o n d i t io n in g .  F u r th e rm o re , such  p r e d i c t i o n s  assum e
t h a t  i n  th e  a b sen c e  o f c o n d i t io n in g  each  anemone s p e c ie s  i s  
e q u a l ly  a t t r a c t i v e  to  th e  p r e d a t o r .  T here  i s  some i n d i c a t i o n  
t h a t  t h i s  may n o t be so : A .e q u in a  i s  o f te n  ch o sen  by E uropean
A .p a p i l l o s a  and E .p r o l i f é r a  by i t s  N.W. P a c i f i c  c o u n te r p a r t .
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C le a r ly ,  th e  above p r e d i c t i o n s  r e p r e s e n t  an
o v e r s i m p l i f i c a t i o n  o f th e  p a t t e r n s  o f re sp o n se  t h a t  have been  
o b se rv e d  and to  e x te n d  such  'p r e d ic t io n s *  to  th e  f i e l d  would be 
i n a p p r o p r ia t e .  D e s p ite  t h i s ,  h ow ever, th e  undoubted  im p o rta n c e  
o f  i n g e s t iv e  c o n d i t io n in g  to  a  g iv e n  p rey  s p e c i e s ,  and i t s  
p e r s i s t e n c e  o v e r  su b s e q u e n t fe e d in g  e n c o u n te rs  w ith  o th e r  
s p e c i e s ,  does s u g g e s t  t h a t  a  g e n e r a l i z e d  p a t t e r n  o f r e s p o n s e s  i s ,  
p e rh a p s ,  to  be e x p e c te d . Upon such  p a t t e r n s ,  a  ran g e  o f
r e a c t io n s  t o ,  a s  y e t ,  unknown b e h a v io u ra l  d e te rm in a n ts  m ust be 
su p erim p o sed  b e fo re  d i e t a r y  c h o ic e  can  be c o m p le te ly  s p e c i f i e d .
M o d if ic a t io n  o f  a  p r e d a t o r 's  b e h a v io u r  a s  a  r e s u l t  o f 
i n g e s t i v e  c o n d i t io n in g ,  may be in c lu d e d  w i th in  th e  g e n e ra l  
fram ew ork o f t r a i n i n g  e f f e c t s  ( e . g . H u g h e s ,1979; 
M cN air,1 9 8 0 ,1 9 8 1 ) . Among i n v e r t e b r a t e s  L an d e n b erg e r  (1968 ) f o r  
ech inoderm s and M urdoch (1 9 6 9 ) , Wood (1 9 6 8 ) , P r a t t  (1 9 7 4 ) , and 
B a y l is s  (1982) f o r  g a s t r o p o d s ,  showed a t r a i n in g  i n  p r e f e re n c e  
a f t e r  many p re y  e n c o u n te r s .  By c o n t r a s t ,  M e e s te rs  (1 9 4 0 ) showed 
t r a i n i n g  i n  f i s h  a f t e r  o n ly  one e n c o u n te r .  The e x p e rim e n ts  
p r e s e n te d  h e re  g iv e  no c l e a r  in f o r m a t io n  on th e  number o f p re y  
e n c o u n te rs  r e q u i r e d  to  m odify  p r e d a to ry  b e h a v io u r . P rey
p r e f e r e n c e s  can  o n ly  be d e te rm in e d  th ro u g h  r e p l i c a t e d  t r i a l s  o v e r  
an  ex te n d e d  p e r io d ,  d u r in g  w hich  tim e  i t  i s  n e c e s s a ry  to  fe e d  th e  
n u d ib ra n c h s . T h e re  i s ,  how ever, no i n d i c a t i o n  i n  any o f th e  
e x p e r im e n ts  t h a t  th e  p a t t e r n  o f re sp o n se  changes d u r in g  th e
t r i a l s  p e r io d s ,  and th u s ,  i t  seems l i k e l y  t h a t  a  change i n  
m a in te n a n c e  d i e t  f o r  f i v e  days i s  s u f f i c i e n t  to  e l i c i t  an
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e f f e c t .
The s e l e c t i v e  a d v a n ta g e  o f i n g e s t i v e  c o n d i t io n in g ,  a s  
d e m o n s tra te d  f o r  A .p a p i l lo s a  i s ,  a s  y e t ,  unknown a lth o u g h  a 
number o f  p o s s ib le  e x p la n a t io n s  may be s u g g e s te d . C o n s id e ra t io n s  
a r i s i n g  from  o p tim a l f o ra g in g  th e o ry  p ro v id e  a v a lu a b le  fram ew ork 
w i th in  w hich to  d i s c u s s  h y p o th e s e s  r e g a rd in g  th e  i n g e s t iv e  
c o n d i t io n in g  phenomenon.
S ta n d a rd  o p tim a l f o ra g in g  th e o ry  p r e d i c t s  t h a t  i n  an  o p tim a l 
d i e t ,  i . e . one t h a t  m ax im ises n e t  en e rg y  in ta k e  p e r  u n i t  o f 
f o ra g in g  tim e  ( c o n v e n t io n a l ly ,  E /h ) ,  an  in c r e a s e  i n  t o t a l  p re y  
abundance  c a n n o t b ro ad e n  th e  o p tim a l d i e t  to  in c lu d e  l e s s  
p r o f i t a b l e  s p e c ie s  o r  i n d i v i d u a l s .  Thus, in c r e a s e d  p re y  
abundance  e i t h e r  narrow s th e  d i e t  o r  h as  no e f f e c t .  F undam en ta l 
o p tim a l d i e t  m odels make no p r o v is io n  f o r  th e  e f f e c t s  o f  
e x p e r ie n c e  on th e  f o ra g in g  b e h a v io u r  o f  th e  p r e d a to r .  S e a rc h in g  
m ethods and th e  e f f i c i e n c y  o f p re y  l o c a t i o n ,  e v a lu a t io n ,  and 
h a n d lin g  t im e , a r e  a l l  assum ed to  be c o n s ta n t ,  a s  i s  th e  
a s s i m i l a t i o n  e f f i c i e n c y  f o r  a  g iv e n  d i e t .  I f ,  a s  a  r e s u l t  o f 
t r a i n i n g  e f f e c t s ,  th e  p r e d a to r  i s  a b le  to  im prove i t s  a b i l i t y  to  
l o c a t e ,  h a n d le  o r  a s s i m i l a t e  a  g iv e n  d i e t ,  th e n  E /h  o r  
" p r o f i t a b i l i t y "  o f t h a t  d i e t  w ould i n c r e a s e .
R e c e n tly ,  M cNair (1 9 8 0 ,1 9 8 1 )  h a s  c o n s id e re d  th e  im p l ic a t io n s  
o f  t r a i n i n g  e f f e c t s  ( p a r t i c u l a r l y  's e a r c h  image* fo rm a tio n )  on 
th e  b e h a v io u r  o f  m odel p r e d a t o r s .  He has i n d ic a te d  t h a t  th e  
i n c l u s i o n  o f  low p r o f i t a b i l i t y  p re y  i n  an  o p tim a l d i e t  may be
I l l
p e r m is s ib le  i f  t r a i n i n g  o c c u rs .  I n  a s im i la r  v e in ,  Hughes (1979) 
in c o r p o r a te d  t r a i n i n g  i n to  an  o p tim a l d i e t  m odel by a llo w in g  
h a n d lin g  tim e  to  be a  f u n c t io n  o f  th e  e n c o u n te r  r a t e  w ith  a 
p a r t i c u l a r  p re y .
I n g e s t iv e  c o n d i t io n in g  f u n c t io n s  a s  a  m echanism  w hereby 
f o ra g in g  e f f o r t  i s  c o n c e n t r a te d  upon th e  few p re y  s p e c ie s  m ost 
r e c e n t l y  e a te n .  I t  i s ,  p e rh a p s ,  r e a s o n a b le  to  suppose  t h a t  such  
c o n c e n t r a t io n  o f e f f o r t  may f a c i l i t a t e  th e  't r a in in g *  a l lu d e d  to  
ab o v e , and t h a t ,  a s  a  r e s u l t  o f  su ch  t r a i n i n g ,  E /h  v a lu e s  f o r  th e  
s p e c ie s  co n cern ed  may be e l e v a te d .  T hus, i n g e s t i v e  c o n d i t io n in g  
may f a c i l i t a t e  an  im provem ent i n  o v e r a l l  f o ra g in g  e f f i c i e n c y  by 
c o n c e n t r a t in g  e f f o r t  on a l im i t e d  ran g e  o f p re y  s p e c i e s .
A number o f  a l t e r n a t i v e s  e x i s t  r e g a rd in g  th e  m echanism  by 
w hich  E /h  v a lu e s  may be im p ro v ed . W ith  p a r t i c u l a r  r e f e r e n c e  to  
th e  p r e s e n t  s tu d y  t h r e e  m a jo r  p o s s i b i l i t i e s  e x i s t :
i )  The fo rm a tio n  o f an  o l f a c t o r y  s e a r c h  im age may c o n t r ib u te  to  
a n  e l e v a t i o n  i n  fo ra g in g  e f f i c i e n c y  by s c re e n in g  ou t 'n o ise *  i n  a 
com plex en v iro n m en t.
i i )  By l e a r n in g  to  cope m ore e f f e c t i v e l y ,  by e x p e r ie n c e ,  w ith  a 
g iv e n  anemones d e fe n s iv e  m echan ism s, h a n d lin g  e f f i c i e n c i e s  may be 
im p ro v ed .
i i i )  Q u a n t i t a t i v e  a n d /o r  q u a l i t a t i v e  changes i n  d i g e s t i v e  enzyme 
p r o d u c t io n ,  i n  re s p o n s e  to  a  g iv e n  d i e t ,  may r e n d e r  i t
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ad v a n ta g e o u s  to  rem ain  on a s p e c ie s  to  w hich th e  d ig e s t i v e  
p h y s io lo g y  i s  a l r e a d y  a d a p te d .
From th e  r e s u l t s  shown f o r  b e h a v io u ra l  e x p e rim e n t 1 (T a b le  
2 2 ) ,  and from  f u r t h e r  o b s e r v a t io n s  from  e x p e rim e n ts  2 and 3 , no 
e v id e n c e  can  be p ro v id e d  to  s u b s t a n t i a t e  h y p o th e s is  ( i )  above . 
T h ere  i s ,  a s  y e t ,  no d i r e c t  e v id e n c e  f o r  th e  fo rm a tio n  o f 
o l f a c to r y  s e a r c h  im ages a l th o u g h  F au c h a ld  & Jum ars (1979) do 
s u g g e s t  t h a t  t h i s  may o c c u r  i n  p h y llo d o c id  p o ly c h a e te s .
H y p o th eses  ( i i )  and ( i i i )  rem ain  u n te s te d  f o r  A .p a p i l lo s a  
and any comments on t h e i r  r e s p e c t i v e  m e r i t s ,  a s  e x p la n a t io n s  o f 
th e  o b se rv e d  phenom enon, w ould be p u r e ly  s p e c u l a t i v e .  A number 
o f s tu d i e s  have  shown, how ev er, t h a t  su ch  m echanism s o p e ra te  f o r  
o th e r  s p e c ie s .  F o r  exam p le , M organ (1 972 ) showed t h a t  h a n d lin g  
t im e s  f o r  p r e d a t io n  on th e  m u sse l M y tilu s  e d u l i s  ( L .)  by th e  
dog-w helk  N u c e lla  l a p i l l u s  ( L . ) ,  w ere  red u ced  when th e  p r e d a to r  
had e x p e r ie n c e  o f  th e  p r e y .  S im i la r ly ,  Edwards (1975 ) showed 
t h a t  th e  n a t i c i d  s n a i l  P o l in i c e s  d u p l ic a tu s  (S ay ) f e e d s  a t  a  
f a s t e r  r a t e  on th e  clam  Mya a r e n a r i a  ( L .)  a f t e r  e x p e r ie n c e  o f 
t h a t  p rey  s p e c i e s .  I n c r e a s e d  h a n d lin g  e f f i c i e n c i e s ,  by more 
e x p e r ie n c e d  p r e d a t o r s ,  h a s  a l s o  been  d e m o n s tra te d  by Law ton e t  
a l . (1974) f o r  th e  i n s e c t  N o to n e c ta  g la u c a  ( L . ) .
A number o f s tu d i e s  have  a ls o  shown a d a p ta t io n s  o f  d i g e s t i v e  
p h y s io lo g y  i n  re sp o n se  to  d i e t  c h a n g e s . The s tu d i e s  o f  P r o s s e r  
a t  a l . (1958) and van  Weel (1959 ) f o r  th e  same t e r r e s t r i a l  
g a s tro p o d  a r e ,  p e rh a p s ,  o f  m ost r e le v a n c e  i n  th e  p r e s e n t  c a s e .
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T hese two s tu d i e s  d e m o n s tra te d  q u a l i t a t i v e  and q u a n t i t a t i v e  
d i f f e r e n c e s  i n  d i g e s t i v e  enzymes when m o llu sc s  w ere fed  on e i t h e r  
p r o t e i n -  o r  c a r b o h y d r a te - r i c h  d i e t s .  A no ther p o s s ib le  a d v a n tag e  
o f i n g e s t iv e  c o n d i t io n in g  h a s  b e e n  p roposed  by Edmunds(1983) who 
s u g g e s ts  t h a t  i n g e s t i v e  c o n d i t io n in g  r e s u l t s  i n  a  more e f f e c t i v e  
cam ouflage  f o r  A .p a p i l l o s a  ( a s  a  r e s u l t  o f  p igm en t c h an g es) and 
hen ce  red u c e s  th e  p o s s i b i l i t y  o f  i t s  b e in g  a t ta c k e d  by p r e d a to ry  
f i s h .  T h is  i s  b ased  on th e  o b s e r v a t io n  t h a t  ( j u v e n i l e )  
A .p a p i l l o s a  te n d  to  assum e th e  c o lo u r  o f t h e i r  anemone p re y . My 
own o b s e rv a t io n s  i n d i c a t e  t h a t  w h ile  t h i s  i s  c e r t a i n l y  t r u e  i n  
some in s ta n c e s  ( e s p e c i a l l y  f o r  red  A .e q u in a ) , p r e y - d e r iv e d  
c o lo u r a t i o n  becomes s u b o r d in a te  to  th e  m o llu scs*  m elanism  a s  th e  
n u d ib ra n c h  g row s. The r e s u l t  i s  t h a t  a d u l t s  a r e  o f a  
c o m p a ra t iv e ly  u n ifo rm  g rey -b ro w n  c o lo u r .  F u r th e rm o re , any su ch  
d i f f e r e n c e s  i n  c o lo u r  f o r  n u d ib ra n c h s  fe e d in g  on m ost o f th e  
s p e c ie s  i n  t h i s  s tu d y  a r e  u n l ik e ly  t o  p ro v id e  m ark ed ly  d i f f e r e n t  
d e g re e s  o f p r o t e c t i o n  from  a t t a c k .  D e s p ite  th e s e  r e s e r v a t io n s ,  
n u d ib ra n c h s  fe e d in g  on M .s e n i le  a r e  somewhat p a le r  th a n  t h e i r  
c o u n te r p a r t s  on o th e r  d i e t s  and t h i s  c o lo u r a t io n  may p ro v id e  some 
p r o t e c t i o n  f o r  i n d iv i d u a l s  f e e d in g  i n  c lo n e s  o f t h i s  anem one.
Thus f a r ,  d i s c u s s io n  o f  th e  a d a p tiv e  s ig n i f i c a n c e  o f 
i n g e s t i v e  c o n d i t io n in g  h a s  ta k e n  no a c c o u n t o f th e  p o s s ib le  
e f f e c t s  o f v a r i a t i o n s  i n  th e  abundance  o f p re y  s p e c ie s  i n  th e  
f i e l d .  I t  i s  r e a s o n a b le  to  suppose  t h a t  such  v a r i a t i o n s  i n  
abundance  w i l l  p la y  a m a jo r  r o l e  i n  d e te rm in in g  th e  b e h a v io u ra l  
p a t t e r n s  o f th e  p r e d a to r .
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S e t t le m e n t  by n u d ib ra n c h  v e l i g e r  l a r v a e  i s  th e  f i r s t  p o in t  
a t  w hich th e  d i f f e r e n t i a l  abundance  o f p rey  m igh t have an  
e f f e c t .  F o r th e  l a r g e  p r o p o r t io n  o f n u d ib ra n c h  s p e c ie s  
i n v e s t i g a t e d  th e  d e f i n i t i v e  s t im u lu s  f o r  th e  com peten t v e l i g e r  to  
s e t t l e  and m etam orphose i s  th e  p re s e n c e  o f th e  l i v e  a d u l t  d i e t  
( s e e  T o d d ,1981 f o r  r e v ie w ) .  The same p ro b a b ly  a p p l i e s  to  
A .p a p i l l o s a  and s in c e  th e  a n im a l i s  c a p a b le  o f fe e d in g  on a  w ide 
v a r i e t y  o f anemone s p e c ie s  i t  i s  l i k e l y  t h a t  a l l  s p e c ie s  
i n v e s t i g a t e d  h e re  a r e  c a p a b le  o f  in d u c in g  m e tam o rp h o sis . I f  t h i s  
i s  so  -  and i n  th e  a b se n c e  o f  any  m arked s p e c i f i c i t y  -  th e n  i n  a  
g iv e n  l o c a l i t y ,  by p r o b a b i l i t y ,  th e  m a jo r i ty  o f l a r v a e  w i l l  
s e t t l e  on th e  m ost a b u n d a n t a c c e p ta b le  anemone s p e c i e s .  I f ,
th ro u g h  t r a i n i n g ,  th e  E /h  v a lu e  f o r  th e  m ost ab u n d an t anemone i s  
th e r e b y  e le v a te d  to  become th e  m ost v a lu a b le  o f a l l  th e  s p e c ie s  
a v a i l a b l e ,  th e  o v e r a l l  f o r a g in g  e f f i c i e n c y  would be im proved by 
rem a in in g  on t h a t  p re y  s p e c i e s .  T h is  c o u ld  on ly  o c c u r  i f  th e  
m ag n itu d e  o f change i n  E /h ,  th ro u g h  t r a i n i n g ,  i s  g r e a t e r  th a n  th e  
a b s o lu te  d i f f e r e n c e  i n  E /h  be tw een  p re y  s p e c i e s ,  i f  t r a i n i n g  d id  
n o t o c c u r . T h is  a s su m p tio n  i s ,  p e rh a p s ,  m ost l i k e l y  to  h o ld  i f  
th e  o v e r a l l  d i f f e r e n c e s  i n  p r e y - v a lu e s ,  w ith o u t  t r a i n i n g ,  a r e
s m a l l .  Should  t r a i n i n g  e f f e c t s  o b ta in  i t  may be ad v a n ta g e o u s  f o r  
A .p a p i l l o s a  to  p r e f e r e n t i a l l y  s e e k  o u t th e  m ost a b u n d an t p re y
s p e c i e s .  I n g e s t iv e  c o n d i t io n in g  would r e s u l t  i n  an  in c r e a s e d  
p r o b a b i l i t y  t h a t  th e  s p e c ie s  ta k e n  i n  any g iv e n  m eal w i l l  be th e  
same as t h a t  ta k e n  i n  th e  p re v io u s  m eal; th u s ,  i t  may p ro v id e  a 
m echanism  f o r  su ch  b e h a v io u r .  T h is  h a s  b e e n  fo rm a lly  
d e m o n s tra te d  by M urdoch (1 9 6 9 ) '^ h o -s h o w s  t h a t  f re q u e n c y -d e p e n d e n t
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p re y  s e l e c t i o n  can  o c c u r  when t r a i n i n g  r e s u l t s  i n  an  in c re a s e d  
p r e f e r e n c e  f o r  a  s p e c i e s .
A lth o u g h  p re y  s e l e c t i o n  by A. p a p i l l o s a  can  be l a r g e ly  
a c c o u n te d  f o r  i n  te rm s o f d i e t a r y  h i s t o r y ,  i t  i s  c l e a r  t h a t  
c o n d i t io n in g  e f f e c t s  a r e  by no means e x c lu s iv e ;  s p e c ie s  t h a t ,  as  
f a r  a s  I  am aw are , had n e v e r  b een  e a te n  by th e  n u d ib ra n c h s  w ere 
s t i l l  f r e q u e n t ly  s e l e c t e d  ( e . g . i n  b e h a v io u ra l  e x p e rim e n t 1, 
a n o th e r  s p e c ie s  was s e le c te d  on 85 o c c a s io n s  com pared to  68 f o r  
S . t r o g l o d y t e s - c o n d it io n e d  a n im a ls ) .  T h is  p l a s t i c i t y  o f  p re y  
re s p o n s e  may p e rm it  a  c o n t in u a l  m o n ito r in g  o f th e  p r e d a t o r 's  
e n v iro n m en t i n  o r d e r  to  accom odate  f l u c t u a t i o n s  i n  p re y  s p e c ie s  
a b u n d an ce . T h is ,  i n  i t s e l f ,  w ould r e s u l t  i n  a t t a c k  on  r e s p e c t iv e  
p re y  s p e c ie s  a s  th e y  become s e q u e n t i a l l y  a b u n d a n t, b u t i t  sh o u ld  
a l s o  be n o ted  t h a t  s im i l a r  f l u c t u a t i o n s  i n  p re y  r e l a t i v e  
abundances may a l s o  a r i s e  from  b i o t i c  and a b i o t i c  f a c t o r s  o th e r  
th a n  A .p a p i l lo s a  p r e d a t io n .
Few p u b lis h e d  a c c o u n ts  c o n s id e r  th e  p rob lem  o f how a 
p r e d a to r 's a m p le s *  i t s  e n v iro n m e n t, d e s p i t e  t h i s  b e in g  an  i m p l i c i t  
p r e r e q u i s i t e  o f m ost fo ra g in g  m o d e ls . One n o ta b le  e x c e p t io n ,  
w h ich  r e l a t e s  to  th e  s i t u a t i o n  f o r  A .p a p i l l o s a , i s  p ro v id e d  by 
K rebs e t  a l . (1 9 7 8 ) who c o n s id e re d  th e  problem  o f c h o o s in g  th e  
o p tim a l b a la n c e  be tw een  e x p lo r a t i o n  and e x p l o i t a t i o n  o f  two 
d i f f e r e n t  fe e d in g  p a tc h e s  by th e  b i r d  P a ru s  m a jo r  ( L . ) .
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I t  h as  b een  s t a t e d  above t h a t  i n g e s t i v e  c o n d i t io n in g  may 
r e p r e s e n t  a  m echanism  w hereby th e  m ost ab undan t s p e c ie s  i n  th e  
p r e d a t o r ’ s h a b i t a t  i s  c o n c e n t r a te d  upon , w h ile  th e  r a r e  a re  
ig n o re d .  Such f re q u e n c y -d e p e n d e n t p re y  s e l e c t i o n  i s  term ed  
" s w itc h in g "  ( E l to n ,  1927; M urdoch ,1 9 6 9 ). F o rm a lly  d e f in e d ,  
s w itc h in g  im p lie s  t h a t  a s  th e  a v a i l a b i l i t y  o f  p re y  i  i n c r e a s e s  
( o r  d e c re a s e s )  i t s  f r a c t i o n a l  r e p r e s e n t a t i o n  i n  th e  t o t a l  d i e t  
i n c r e a s e s  ( o r  d e c re a s e s )  f a s t e r  th a n  th e  f r a c t i o n  i t  c o n s t i t u t e s  
o f th e  t o t a l  p re y  a v a i l a b i l i t y  (M urdoch ,1969; M urdoch e t. 
a d . ,1 9 7 5 ) .  F ig .  14 i l l u s t r a t e s  t h i s  b e h a v io u r  g r a p h i c a l l y  and 
shows t h a t  s w itc h in g  i s  n o t r e s t r i c t e d  to  s i t u a t i o n s  w here t h e r e  
i s  e q u a l p r e f e re n c e  f o r  th e  two p re y  s p e c ie s  when th e y  a r e  
e q u a l ly  a b u n d a n t. S w itc h in g  b e h a v io u r ,  o r  a p o s t a t i c  s e l e c t i o n  
(w h ich  r e f e r s  to  su ch  re s p o n s e s  to  d i f f e r e n t  m orphs o f  th e  same 
p re y  s p e c i e s ) ,  h a s  b een  d e m o n s tra te d  e x p e r im e n ta l ly  f o r  a  w ide 
ra n g e  o f o rg a n ism s . T hese in c lu d e  b i r d s  ( A l l e n ,1 9 7 2 ,1 9 7 4 ) , f i s h  
(M urdoch e t  a l . ,1 9 7 5 ) ,  p a r a s i t o i d s  ( C o r n e l l  & P im e n ta i ,1 9 7 8 ), and 
g a s tro p o d s  (M urdoch ,1 9 6 9 ) . T h is  b e h a v io u r  h as  a l s o  been  
e x te n s iv e ly  c o n s id e re d  i n  t h e o r e t i c a l  c o n te x ts  ( e . g . E l to n  & 
G reenw ood ,1970; F u l l i c k  & G reenw ood ,1979; L aw ton e t  a l . ,1 9 7 4 ;  
M urdoch & O a te n ,1975; Commins e t  a l . ,1 9 7 6 ) .  E x p e r im e n ta l 
e v id e n c e  f o r  th e  a d a p t iv e  s ig n i f i c a n c e  o f s w itc h in g  i s ,  how ever, 
n o t ic e a b ly  la c k in g .  Hubbard e t  a l . (1 9 8 2 ) , have  s u g g e s te d  t h a t  
t h e r e  i s  a  c l e a r  e m p i r ic a l  and b i o lo g i c a l  l i n k  be tw een  a p o s t a t i c  
p r e y - s e l e c t i o n  ( th e  th e o ry  a p p l i e s  e q u a l ly  to  s w itc h in g )  and 
o p tim a l fo ra g in g  th e o r y ,  i n  w hich th e  p r e d a to r  i s  assum ed to  
m axim ise i t s  i n c l u s iv e  f i t n e s s .  I n  i t s  m ost g e n e ra l  form  t h i s
F ig u re  14.
S w itc h in g  b e h a v io u r  i n  a  sy stem  w ith  two p r e y - s p e c ie s .  The 
o r d in a te  r e p r e s e n t s  th e  p r o p o r t io n a l  a v a i l a b i l i t y  o f  one o f th e  
p re y  s p e c ie s  w h ile  th e  a b s c i s s a  shows th e  p r o p o r t io n  o f th e  same 
s p e c ie s  i n  th e  p r e d a to r s  d i e t .
l a  and I l a  show th e  p a t t e r n s  o f p r e d a t io n  i n  th e  a b sen ce  o f 
s w i tc h in g ,  f o r  a  p r e d a to r  w hich shows no p r e f e re n c e  a t  e q u a l i ty  
( l a ) , o r  a  f i v e - f o l d  p r e f e r e n c e  a t  e q u a l i ty  f o r  one o f th e  
s p e c ie s  ( I l a ) .
Ib  and I l b  show s w itc h in g  b e h a v io u r  f o r  a  p r e d a to r  w hich d i s p la y s  
e i t h e r  no p r e f e re n c e  a t  e q u a l i t y  ( I b )  o r  a f i v e - f o l d  p r e f e re n c e  
a t  e q u a l i t y  f o r  one s p e c ie s  ( l i b ) .
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l i n k  i s  d ep en d en t on f re q u e n c y -d e p e n d e n t changes i n  p r e y - v a lu e s .  
I n  th e  c a se  o f A .p a p i l l o s a , t h i s  may be e f f e c te d  by any o r  a l l  of 
th e  t h r e e  h y p o th e se s  o u t l in e d  e a r l i e r  i n  t h i s  d i s c u s s io n ;  
n o ta b ly ,  o l f a c to r y  s e a r c h  im age fo rm a tio n , im proved p re y  h a n d lin g  
tim e s  w ith  e x p e r ie n c e ,  o r  a d a p ta t i o n  o f d i g e s t i v e  p h y s io lo g y .
C le a r ly ,  th e  e x p e r im e n ts  i n  t h i s  c h a p te r  do no t d e m o n s tra te  
s w itc h in g  b e h a v io u r  i n  A .p a p i l l o s a . I t  i s  r e a s o n a b le  to  su p p o se , 
how ever, t h a t  i n g e s t i v e  c o n d i t io n in g  may r e p r e s e n t  a  m echanism  by 
w hich s w itc h in g  b e h a v io u r  i s  e f f e c t e d  and su ch  may e x te n d  to  th e  
p r e s e n t  p r e d a to r - p r e y  a s s o c i a t i o n s .  The e x p e rim e n ts  d e s c r ib e d  in  
th e  su b se q u e n t c h a p te r  t e s t  f o r  s w itc h in g  i n  A .p a p i l lo s a  w ith  two 
anemone s p e c ie s .
118
Chapter 6 .
AN INVESTIGATION OF SWITCHING BEHAVIOUR IN A.PAPILLOSA. 
INTRODUCTION.
The o b je c t iv e  o f th e  e x p e r im e n ts  d e s c r ib e d  i n  t h i s  c h a p te r  
was to  t e s t  f o r  " s w itc h in g "  b e h a v io u r  (se n s u  M urdoch ,1969) i n  
A .p a p i l l o s a  a t  p rey  d e n s i t i e s  and r e l a t i v e  p re y  abundances t h a t
th e  n u d ib ra n c h  m igh t r e a s o n a b ly  be e x p e c te d  to  e n c o u n te r  i n  th e
f i e l d .  As d is c u s s e d  i n  th e  p re v io u s  c h a p te r ,  s w itc h in g  im p lie s  
t h a t  a s  th e  a v a i l a b i l i t y  o f  p re y  i  i n c r e a s e s  ( o r  d e c re a s e s )  i t s
f r a c t i o n a l  r e p r e s e n t a t i o n  i n  th e  t o t a l  d i e t  i n c r e a s e s  ( o r
d e c re a s e s )  f a s t e r  th a n  th e  f r a c t i o n  i t  c o n s t i t u t e s  o f th e  t o t a l  
p re y  a v a i l a b i l i t y  (M urdoch ,1969; M urdoch e t  a l . ,1 9 7 5 ) .
MATERIALS AND METHODS.
I n  a l l  s w itc h in g  e x p e r im e n ts  o n ly  two p re y  s p e c ie s  w ere on 
o f f e r ,  n o ta b ly  th e  red  morph o f  A .e q u in a , and S . t r o g l o d y t e s . 
T hese s p e c ie s  w ere  c h o sen  f o r  two re a s o n s :  f i r s t ,  th e y  have  b o th
b een  shown to  e x e r t  a  s t r o n g  in g e s t iv e  c o n d i t io n in g  e f f e c t  
(b e h a v io u ra l  e x p e rim e n t 1 ) ,  and s e c o n d ly , s m a l l ,  com parab ly  s iz e d  
i n d iv i d u a l s  o f b o th  s p e c ie s  may be l o c a l l y  o b ta in e d  r e l a t i v e l y  
e a s i l y .  B e fo re  th e  e x p e rim e n t commenced anemones w ere p la c e d  i n  
c le a n e d  m u sse l s h e l l s  and a llo w e d  to  a t t a c h .  T h is  was to  p re v e n t  
n u d ib ra n c h s  from  a t t a c k in g  d e ta c h e d  anemones th ro u g h  th e  p e d a l
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d i s c  and a l s o  to  f a c i l i t a t e  o p e r a to r  h a n d lin g .
The e x p e rim e n ts  w ere co n d u c ted  w ith  s ix  n u d ib ra n c h s  w hich 
w ere  m a in ta in e d  th ro u g h o u t i n  i n d iv i d u a l  2 .5 1  p l a s t i c  c o n ta in e r s  
i n  a  s e a w a te r  c a s c a d e . B e fo re  th e  e x p e rim e n t s t a r t e d  th e  
n u d ib ra n c h s  w ere fe d  on U . f e l i n a  to  e n su re  t h a t  none o f th e  
a n im a ls  w ere c o n d it io n e d  to  e i t h e r  o f th e  p re y  s p e c ie s  on o f f e r .  
The s ix  a n im a ls  w ere d iv id e d  i n to  two r e p l i c a t e  g ro u p s o f  th r e e  
and e v e ry  n u d ib ra n c h  i n  each  g roup  was p re s e n te d  w ith  a d i f f e r e n t  
r a t i o  (c o m p ris in g  t e n  i n d i v i d u a l s )  o f th e  two p re y  s p e c i e s .  The 
r a t i o s  o f S . t r o g lo d y te s  ;A .e q u in a  p r e s e n te d  w ere 7 :3 ,  5 :5 ,  and
3 :7 .  I n  o rd e r  to  m a in ta in  th e  c o r r e c t  r a t i o  o f anemone s p e c ie s  
f o r  each  n u d ib ra n c h , and to  r e c o rd  th e  p a t t e r n s  o f co n su m p tio n , 
a l l  n u d ib ra n c h s  w ere in s p e c te d  d a i l y .  Consumed o r  p a r t i a l l y  
e a te n  anemones w ere r e p la c e d  w i th  a n o th e r  i n d iv id u a l  o f th e  same 
s p e c i e s .  S eaw a te r te m p e ra tu re  was a l s o  re c o rd e d  d a i l y .  Any 
anem ones w hich had d e ta c h e d  from  t h e i r  m u sse l s h e l l s ,  and had n o t 
r e - a t t a c h e d  to  th e  c o n ta i n e r ,  w ere r e p la c e d .
A s e r i e s  o f t h r e e  e x p e r im e n ts  was con d u c ted  w i th in  t h i s  
b a s ic  m ethodo logy , th e  l a t t e r  two e x p e rim e n ts  b e in g  i n i t i a t e d  i n  
th e  l i g h t  o f th e  i n i t i a l  r e s u l t s .  The th r e e  e x p e rim e n ts  a r e  
sum m arised i n  th e  fo llo w in g  s c h e d u le :
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E x p erim en t 1 . ( 2 2 .1 1 .8 2  to  2 2 .0 2 .8 3  in c l u s iv e )
I n d iv id u a ls  i n  b o th  t r i p l i c a t e  g ro u p s w ere m a in ta in e d  on 
t h e i r  r e s p e c t iv e  p re y  r a t i o s  f o r  47d (2 2 .1 1 .8 2  to  0 6 .0 1 .8 3 )
(e x p e r im e n t 1 ( 1 ) )  and th e n  changed around  so t h a t  each  n u d ib ra n c h  
e x p e r ie n c e d  a  new p re y  r a t i o  (e x p e r im e n t 1 ( 2 ) ) .
The r a t i o s  w ere changed on th e  fo llo w in g  m anner:
N u d ib ran ch s  p r e v io u s ly  f e e d in g  on 7 :3  (S tro :A e q r)  changed to  5 :5
N u d ib ran ch s  p r e v io u s ly  f e e d in g  on 5 :5  (S tro :A e q r)  changed to  3 :7
N u d ib ran ch s  p r e v io u s ly  f e e d in g  on 3 :7  (S tro :A e q r)  changed to  7 :3
The e x p e rim e n t was ru n  f o r  a  f u r t h e r  47d (0 6 .0 1 .8 3  t o  2 2 .0 2 .8 3 )  
o f f e r in g  th e  second  r a t i o .  The n e t  e f f e c t  o f  th e  e x p e r im e n ta l  
d e s ig n  was t h a t  each  i n d iv i d u a l  was o f f e r e d  two d i f f e r e n t  r a t i o s  
and th u s ,  w i th in  each  d u p l i c a te  g ro u p , t h e r e  a r e  two r e p l i c a t e s  
f o r  each  p rey  r a t i o .
E x p e rim en t 2 .
A l l  n u d ib ra n c h s  w ere m a in ta in e d  on th e  r a t i o  th ey  
e x p e r ie n c e d  i n  e x p e rim e n t 1 (2 )  e x c e p t t h a t  anemones w ere n o t 
r e p la c e d  a s  th e y  w ere e a te n .  When a  n u d ib ra n c h  had e a te n  a l l  t e n  
anemones th e  r a t i o  was r e s t o r e d  and fe e d in g  w ith  re p la c e m e n t was 
re c o rd e d  f o r  a  f u r t h e r  4 7 d .
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E x p e rim en t 3 .
The r a t i o s  o f f e r e d  to  th e  n u d ib ra n c h s  i n  e x p e rim e n t 2 w ere 
m a in ta in e d  b u t sand  was added to  th e  bo ttom  of each  c o n ta in e r .  
S . t r o g l o d y t e s  a t ta c h e d  to  m u sse l s h e l l s  w ere th e n  b u r ie d  i n  th e  
sand  w ith  o n ly  th e  t e n t a c l e  crow n p ro tr u d in g ;  A .e q u in a  w ere l e f t  
on  th e  s u r f a c e .  T h is  e x p e rim e n t a t te m p ts  to  mimic th e  b u r i a l  o f 
S . t r o g lo d y te s  o b se rv e d  i n  th e  f i e l d  and i n v e s t i g a t e s  i t s  e f f e c t  
on p r e d a t io n  r e s p o n s e s .  The e x p e rim e n t was once a g a in  ru n  f o r
47 d .
RESULTS.
T ab le  32 shows th e  num bers o f ea ch  s p e c ie s  e a te n  i n  each  o f 
th e  e x p e r im e n ts . The r e p l i c a t e s  i n  w hich th e  num bers e a te n  
d e p a r t  s i g n i f i c a n t l y  from  th o s e  t h a t  would be e x p e c te d  i f  
anem ones w ere e a te n  ad hoc a r e  a l s o  shown i n  t h i s  t a b l e .  
S i g n i f i c a n t  d i f f e r e n c e s  w ere t e s t e d  f o r  u s in g  c h i- s q u a re d  t e s t s .  
One n o ta b le  f e a t u r e  o f th e s e  d a ta  a s  a  w hole i s  th e  g e n e ra l  
i n c r e a s e  i n  th e  num bers e a te n  d u r in g  l a t e r  e x p e r im e n ts . T h is  i s  
a lm o s t c e r t a i n l y  due to  th e  warm er s e a w a te r  te m p e ra tu re s  
fo llo w in g  th e  c o ld  w in t e r .  One i n d iv id u a l  d ie d  b e fo re  e x p e rim e n t 
2 was i n i t i a t e d :  t h i s  i n d iv i d u a l  c o u ld  n o t be r e p la c e d .
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T a b le s  33 to  35 show th e  seq u en ce  o f anemone s e l e c t i o n s  by 
th e  n u d ib ra n c h  i n  each  o f th e  s w itc h in g  e x p e r im e n ts :  th e
in c r e a s e d  fe e d in g  r a t e s  w ith  te m p e ra tu re  a l lu d e d  to  above a re  
a l s o  shown. I t  can  be s e e n  from  th e  seq u en ce  o f s e l e c t i o n s  shown 
i n  th e  t a b l e s  t h a t ,  when th e  l e s s  p r e f e r r e d  s p e c ie s  ( u s u a l ly  
A .e q u in a ) was s e le c te d  i t  was n o t u s u a l ly  e a te n  i n  c o n s e c u t iv e  
m e a ls .  The c o n d i t io n in g  e f f e c t  from  consum ing a s in g l e  anemone 
d o es  n o t ,  t h e r e f o r e ,  a p p e a r  to  be s u f f i c i e n t  to  in d u c e  f u r t h e r  
s e l e c t i o n s  o f t h a t  s p e c i e s .
F ig .  15 p r e s e n t s  th e  c o m p le te  d a ta  s e t  g r a p h i c a l l y  -  th e  
num bers o f each  s p e c ie s  e a te n  f o r  each  h is to g ra m  b e in g  e x p re s s e d  
a s  a  p r o p o r t io n  o f  th e  t o t a l  e a te n  i n  t h a t  r e p l i c a t e .  The a rrow s 
b o th  i n  T a b le  32 and F ig .  15 i n d i c a t e  th e  t r e a tm e n ts  e x p e r ie n c e d  
by i n d iv id u a l  n u d ib ra n c h s .
The r e s u l t s  o f  th e  c h i- s q u a re d  t e s t s  show t h a t ,  f o r  
e x p e rim e n t 1 , t h r e e  o f th e  f o u r  n u d ib ra n c h s  p r e s e n te d  w ith  th e  
two s p e c ie s  i n  e q u a l p r o p o r t io n s  showed a  s i g n i f i c a n t  p r e f e re n c e  
f o r  S . t r o g l o d y t e s . The re m a in in g  n u d ib ra n c h  showed no 
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  e i t h e r  s p e c ie s ;  a l th o u g h  
A .e q u in a  was s e le c te d  m ore o f t e n ,  th e  t o t a l  number o f anemones 
e a te n  d u r in g  t h i s  p e r io d ,  how ever, was o n ly  se v e n  com pared w ith  
15 f o r  th e  o th e r  m o llu sc  a t  t h i s  r a t i o .  W ith so  few anemones 
ta k e n  even  an  outcom e o f s i x  A .e q u in a  to  one S . t r o g lo d y te s  would 
n o t be s t a t i s t i c a l l y  s i g n i f i c a n t .
T a b le  33 . A summary t a b l e  show ing th e  o r d e r  i n  w hich anemones w ere s e le c te d  
i n  s w itc h in g  e x p e r im e n ts  1 (1 )  and 1 ( 2 ) .
R a t io  (STRO;AEQR)
•*1Anemones e a te n  d
Mean te m p e ra tu re  (°C ) 6 .2
Max te m p e ra tu re  (°
( w ith  d a te )
Min te m p e ra tu re  (°
(w ith  d a te )
E xperim en t 1 (1 )
7 :3 7 :3 5 :5 5 :5 3 :7
5 STRO 7 STRO 2 STRO 1 AEQR 1 AEQR
1 AEQR 1 AEQR 1 AEQR 1 STRO 1 STRO
3 STRO 1 STRO 8 STRO 1 AEQR 3 STRO
3 AEQR 1 AEQR 1 AEQR 1 STRO 1 AEQR
7 STRO 8 STRO 2 STRO 1 AEQR 1 STRO
I  AEQR 1 AEQR 1 STRO 9 STRO 1 AEQR
1 STRO 1 AEQR 3 STRO
1 AEQR 7 STRO 1 AEQR
1 STRO
0 .3 9 0 .4 1 0 .3 3 0 .4 8 0 .2 8
8 .0  (01 .1 2 .8 2 )
4 .0  (18 .1 2 .8 3 )
3 :7
3 STRO 
1 AEQR 
9 STRO
0 .2 8
R a t io  (STRO:AEQR) 7 :3
1 STRO 
1 AEQR 
7 STRO 
1 AEQR
7 :3
1 STRO 
1 AEQR 
10 STRO 
1 AEQR 
5 STRO
E x p erim en t 1 (2 )  
5 :5  5 :5
2 AEQR 
1 STRO 
1 AEQR
1 STRO
2 AEQR
5 STRO 
1 AEQR 
9 STRO
3 :7
1 STRO 
1 AEQR 
15 STRO
3 :7
2 STRO 
1 AEQR 
6 STRO
Anemones e a te n  d-1 0 .2 2 0 .3 9
Mean te m p e ra tu re  (°C ) 5 .1
Max te m p e ra tu re  (°C ) 7 .1  ( 1 7 .0 1 .8 3 )
(w ith  d a te )
Min te m p e ra tu re  (°C ) 3 .0  ( 1 2 .0 2 .8 3 )
(w ith  d a te )
0 .1 5 0 .3 3 0 .3 7 0 .1 9
T able 34 . A summary ta b le  showing th e  order in  which anemones were s e le c te d
in  sw itc h in g  experim ent 2 ( a f t e r  "Graze O ut").
R a tio  (STRO:AEQR) 7 :3 7 :3 5 :5 5 :5 3 :7
7 STRO 9 STRO 1 STRO 11 STRO 1 STRO
1 AEQR 1 AEQR 1 AEQR 1 AEQR 2 AEQR
26 STRO 20 STRO 2 STRO 14 STRO 1 STRO
1 AEQR 1 AEQR 1 AEQR 1 AEQR 1 AEQR
12 STRO 9 STRO 2 STRO 2 STRO 1 STRO
5 AEQR 1 AEQR 3 AEQR
1 STRO 2 STRO 12 STRO
1 AEQR 2 AEQR
2 STRO 7 STRO
1 AEQR 1 AEQR
1 STRO 2 STRO
1 AEQR 1 AEQR
1 STRO
2 AEQR
1 STRO
3 AEQR
2 STRO 
2 AEQR
1 STRO
2 AEQR
1 STRO
2 AEQR
3 STRO
1 AEQR
2 STRO 
2 AEQR 
1 STRO
3 :7
Anemones e a te n  d-1 1 .02
Mean te m p e ra tu re  (°C ) 8 .5
Max te m p e ra tu re  (°C ) 1 0 .9  
D ate  (1983 ) (2 4 .0 !
Min te m p e ra tu re  (°C ) 6 .3
D ate  (1983) (18.0^
0 .8 7 0 .9 8 0 .6 9 0 .7 4
7 .4 6 .4 6 .4 8 .5
9 .5
( 2 0 .0 5 )
8 .0
(3 0 .0 4 )
8 .0
(3 0 .0 4 )
1 0 .9
(2 4 .0 5 )
5 .4
(0 4 .0 4 )
4 .8
(0 3 .0 4 )
4 .8
(0 3 .0 4 )
6 .3
(1 8 .0 4 )
T ab le 35 . A summary ta b le  showing the order in  which anemones were s e le c te d
in  sw itch in g  experim ent 3 (w ith  san d ).
R a t io  (STRO:AEQR) 7 :3
13 STRO 
1 AEQR 
3 STRO 
AEQR 
STRO 
AEQR 
STRO 
AEQR
11 STRO
Anemones e a t e n  d 0 .9 8
Mean t e m p e ra tu re  ( °C )1 2 .3 9
Max t e m p e ra tu re  (°C) 1 6 .0  
D a te  (1983) (1 5 .0 7
Min te m p e ra tu re  (°C) 9 .0
D a te  (1983) (0 3 .0 6
7 :3
29 STRO 
2 AEQR 
7 STRO
):5 C):5 -31:7
10 STRO 15 STRO 1 STRO
1 AEQR 1 AEQR 1 AEQR
4 STRO 5 STRO 3 STRO
1 AEQR 1 AEQR 1 AEQR
2 STRO 12 STRO 1 STRO
2 AEQR 1 AEQR 1 AEQR
1 STRO 15 STRO 1 STRO
1 AEQR 1 AEQR
4 STRO 1 STRO
1 AEQR 1 AEQR
1 STRO 1 STRO
4 AEQR 4 AEQR
2 STRO 3 STRO
2 AEQR 1 AEQR
1 STRO 2 STRO
7 AEQR 1 AEQR
1 STRO 2 STRO
4 AEQR 1 AEQR
2 STRO 3 STRO
2 AEQR 1 AEQR
1 STRO 6 STRO
1 AEQR
3 STRO
1 AEQR
4 STRO
2 AEQR
2 STRO
3 :7
0 .8 3 1 .17 1 .09 1 .09
1 1 .5 1 1 .4 1 1 .4 12 .2
1 4 .5
(0 6 .0 7 )
13 .8
( 2 2 .0 5 )
1 3 .8
(2 2 .0 5 )
16 .0
( 1 5 .0 7 )
9 .2
( 2 9 .0 5 )
9 .0
( 1 9 .0 5 )
9 .0
( 1 9 .0 5 )
9 .0
( 0 3 .0 6 )
F i g u r e  15.
The p r o p o r t i o n  o f  A .e q u in a  and S . t r o g l o d y t e s  s e l e c t e d  by each
n u d ib ra n c h  e n c o u n te r in g  th e  t h r e e  p re y  r a t i o s  i n  each  of th e
s w i tc h in g  e x p e r im e n t s .  The c o r r e s p o n d in g  n u m er ica l  d a t a  a r e  
p r e s e n t e d  i n  T a b le  32 .
E x p e r im en t  1 ( 1 ) .  I n i t i a l  p r e y  r a t i o .
E x p e r im en t  1 ( 2 ) .  S u b seq u en t  p r e y  r a t i o .
E x p e r im en t  2 . R e s to re d  r a t i o  a s  i n  ex p e r im e n t  1 (2 )  fo l lo w in g
g r a z e - o u t .
E x p e r im en t  3 . R e s to re d  r a t i o  i n  e x p e r im e n t  2 w i th  S . t r o g l o d y t e s
b u r i e d .
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F o r  n u d ib ra n c h s  p r e s e n t e d  w i th  a 7 :3  r a t i o  
( S . t r o g l o d y t e s  :A .e q u in a ) i n  e x p e r im e n t  1 t h e  s p e c i e s  were t a k e n  
i n  p r o p o r t i o n  to  t h e i r  r e l a t i v e  a b u n d a n ce s .  T h is  p a t t e r n  does 
n o t ,  how ever, h o ld  f o r  n u d ib ra n c h s  p r e s e n te d  w i th  a r a t i o  o f  3 :7  
( S t r o : A e q r ) ,  w here  a s t r o n g  p r e f e r e n c e  f o r  S . t r o g l o d y t e s  was 
shown.
The p a t t e r n  which em erges from th e s e  r e s u l t s  i s  one o f  an  
o v e r a l l  p r e f e r e n c e  S . t r o g l o d y t e s , w i th  l i t t l e  d e t e c t a b l e  change 
i n  b e h a v io u r  t h a t  co u ld  be a t t r i b u t a b l e  to  p re y  r e l a t i v e  
a b u n d an ce .  The a b se n c e  o f  a  p r e f e r e n c e  f o r  S . t r o g l o d y t e s  i n  th e  
7 :3  (S t r o r A e q r )  r a t i o  i s  d i f f i c u l t  to  a c c o u n t  f o r  i n  v iew  of  t h e  
s t r o n g  p r e f e r e n c e  d e m o n s t ra te d  when th e  r a t i o  was r e v e r s e d  to  
3 : 7 .  T h is  may be a t t r i b u t a b l e  t o  t h e  r e l a t i v e l y  low numbers o f  
anemones e a t e n  i n  r e l a t i o n  to  t h e  numbers o f  t h e  m ost abu n d an t  
anemone t h a t  would be r e q u i r e d  to  be e a t e n  b e f o r e  a  s i g n i f i c a n t  
p r e f e r e n c e  co u ld  be d e t e c t e d .
The r e s u l t s  o f  t h i s  e x p e r im e n t  c l e a r l y  show t h a t  s w i tc h in g  
b e h a v io u r  d id  n o t  o c c u r .  T h is  may have  been  due to  th e  
e x p e r im e n ta l  sys tem  no t  r e s u l t i n g  i n  th e  n u d ib ra n c h s  becoming 
c o n d i t io n e d  to  th e  most a b u n d a n t  p r e y - s p e c i e s  a t  i n e q u a l i t y .  jiSuch a  s i t u a t i o n  may s im p ly  be a consequence  o f  t h e  p h y s i c a l  |
e n v iro n m e n t ;  t h e  p r e d a t o r  would p resum ab ly  have  e n c o u n te re d  b o th  
p re y  s p e c i e s  f r e q u e n t l y  d u r in g  th e  e x p e r im e n t  b e c au se  t h e  r a r e r  
o f  t h e  two s p e c i e s  was s t i l l  q u i t e  common i n  a b s o l u t e  t e r m s . IT hus, th e  sm a l l  homogeneous e n v iro n m en t  may no t have p roduced  th e  |
1
i
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g r a d u a l  i n c r e a s e  i n  th e  p r o b a b i l i t y  o f  a t t a c k  upon th e  common 
s p e c i e s .  Such a n  e x p l a n a t i o n  f o r  th e  a bsence  o f  s w i tc h in g  i n  an  
e x p e r im e n ta l  sys tem  such  a s  t h i s  was f i r s t  advanced  by Murdoch
(1969) i n  s t u d i e s  on th e  p r e d a t o r y  g a s t ro p o d  A c a n th in a  s p i r a t a  
( B l a i n v i l l e ) .
I n  o r d e r  to  t e s t  t h i s  p o s s i b i l i t y  t h e  n u d ib ra n c h s  were 
r e q u i r e d  to  e a t  a l l  t e n  anemones i n  t h e i r  r e s p e c t i v e  t r e a tm e n t s  
a t  th e  end of e x p e r im e n t  1 (2 )  w i th o u t  r e p la c e m e n t ,  th e r e b y  
s im u l a t in g  th e  t o t a l  c o n sum ption  o f  th e  p rey  i te m s  from a 
l o c a l i z e d  'patch* o f  t h e  p r e d a t o r ' s  h a b i t a t .  I t  was p r e d i c t e d  
t h a t  such  a *graze~out* s h o u ld  r e s u l t  i n  th e  c o n d i t i o n i n g  of th e  
n u d ib ra n c h s  t o  th e  m ost a b u n d a n t  s p e c i e s  and t h u s ,  s w i tc h in g
b e h a v io u r  on e n c o u n te r  w i th  a  new 'p a tch *  i n  which th e  same p rey  
r a t i o s  were r e s t o r e d .
The e n fo rc e d  c o n d i t i o n i n g  ( i n  e x p e r im e n t  2 ) ,  th ro u g h  e a t i n g  
a l l  th e  anemones i n  t h e  'pa tch*  w i th o u t  r e p la c e m e n t ,  d id  e f f e c t  
some c h a n g es ,  compared to  e x p e r im e n t  1 , i n  th e  p a t t e r n  of 
con su m p tio n .  The two n u d ib ra n c h s  p r e s e n te d  w i th  7 :3  ( S t r o r A e q r )  
showed a change from no p r e f e r e n c e  i n  e x p e r im e n t  1 t o  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  S . t r o g l o d y t e s  fo l lo w in g  
th e  'g r a z in g -o u t*  p e r i o d .  T h is  i s  p resum ab ly  a r e s u l t  o f  th e  
c o n d i t i o n i n g  of th e  n u d ib ra n c h s  t o  t h e  most ab u n d an t  s p e c i e s  i n  
t h e  'p a tc h * .  A s i m i l a r ,  b u t  n o n - s i g n i f i c a n t ,  e f f e c t  c a n  be s e e n  
i n  t h e  c a se  o f  t h e  s i n g l e  n u d ib ra n c h  f e e d in g  on th e  r a t i o  3 :7  
( S t r o r A e q r ) ;  t h i s  showed a  marked i n c r e a s e  i n  t h e  r e l a t i v e
numbers o f  A .e q u in a  s e l e c t e d  a l t h o u g h  S . t r o g l o d y t e s  was s t i l l
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p r e f e r r e d  ( s e e  F i g .  1 5 ) . ” However, where p rey  were e q u a l l y  
a b u n d a n t  th e  two n u d ib ra n c h s  showed s i m i l a r  p a t t e r n s  to  th o s e  
o b se rv e d  i n  e x p e r im e n t  1 ( F ig .  1 5 ) .  T h is  i s ,  p e rh a p s ,  
u n s u r p r i s i n g  s in c e  e q u a l  numbers o f  b o th  s p e c i e s  were p r e s e n t  a t  
t h e  s t a r t  o f  'g r a z i n g  out* p e r io d  and t h u s ,  no s t r o n g  
c o n d i t i o n i n g  to  e i t h e r  s p e c i e s  would o c c u r .
I t  i s  c l e a r  from th e  r e s u l t s  o f  e x p e r im e n t  2 t h a t ,  d e s p i t e  
t h e  e n fo rc e d  c o n d i t i o n i n g  e f f e c t ,  t h e  n u d ib ra n c h s  d id  not 
d e m o n s t ra te  s w i tc h i n g .
The r e s u l t s  f o r  e x p e r im e n t  3 ( i n  which S . t r o g l o d y t e s  were 
b u r i e d )  d i f f e r  o n ly  s l i g h t l y  from  th o s e  i n  e x p e r im e n t  2 i n  t h a t  
t h e r e  i s  s t i l l  a  marked p r e f e r e n c e  f o r  S . t r o g l o d y t e s . I t  th u s  
a p p e a r s  t h a t ,  f o r  S . t r o g l o d y t e s , b u r i a l  i n  sand t o  a  d e p th  o f  
1 - 1 .5cm h a s  l i t t l e  o r  no e f f e c t  on th e  d e t e c t i o n  and p r e d a t i o n  
p a t t e r n s  d e m o n s t ra te d  by t h e  n u d ib ra n c h s .  Thus t h e  e f f i c a c y  o f  
b u r i a l  by S . t r o g l o d y t e s  a s  a  d e t e r e n t  t o  p r e d a t i o n  i s  s t i l l  open 
t o  q u e s t i o n .
The g e n e r a l  a b s e n c e  o f  any  s w i tc h in g  b e h a v io u r  i n  
A . p a p i l l o s a  i s  i l l u s t r a t e d  i n  F ig u r e  16 w hich  shows th e  
p e r c e n ta g e  o f  S . t r o g l o d y t e s , e a t e n  by a l l  n u d ib ra n c h s  i n  each  
e x p e r im e n t ,  i n  r e l a t i o n  to  th e  p e rc e n ta g e  o f  S . t r o g l o d y t e s  
a v a i l a b l e .  The l i n e  w i th  a  s lo p e  o f  1 .0  t h a t  i s  drawn th ro u g h  
t h e  g raph  i n d i c a t e s  t h e  c o n su m p tio n  l e v e l  t h a t  i s  p r o p o r t i o n a l  to  
p r e y  r e l a t i v e  a bundance . P o i n t s  f a l l i n g  above th e  l i n e  i n d i c a t e  
a p r e f e r e n c e  f o r  S . t r o g l o d y t e s , w h i l e  p o i n t s  below th e  l i n e
F i g u r e  16.
The p e rc e n ta g e  o f  S . t r o g l o d y t e s  i n  t h e  d i e t  i n  r e l a t i o n  to  th e  
p e r c e n ta g e  of S . t r o g l o d y t e s  a v a i l a b l e  to  th e  n u d ib ra n c h s .  F o r  
e x p l a n a t i o n  see  t e x t .
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i n d i c a t e  a  p r e f e r e n c e  f o r  A .e q u i n a . I f  s w i tc h in g  b e h a v io u r  had 
o c c u r r e d ,  p o i n t s  would f a l l  below  th e  l i n e  ( i . e . p r e f e r e n c e  f o r  
A .e q u in a ) when o n ly  30% of th e  a v a i l a b l e  p re y  were 
S . t r o g l o d y t e s . T h is  a n a l y s i s  i s  c o m p l ic a te d  somewhat, how ever, 
when a p r e f e r e n c e  f o r  one o r  o t h e r  s p e c i e s  i s  shown a t  e q u a l i t y .  
I n  such  a  c a se  s w i tc h in g  c an  s t i l l  o c c u r  b u t  th e  l i n e  
r e p r e s e n t i n g  th e  n o - s w i t c h in g  c o n d i t i o n  i s  curved  ( s e e  F ig .  
1 4 ) .  Murdoch (1969) u se d  a d i f f e r e n t  g r a p h i c a l  r e p r e s e n t a t i o n  i n  
w hich  th e  p r o p o r t i o n s  o f  a v a i l a b l e  and e a t e n  p re y  were 
c a l c u l a t e d .  T h is  method has  t h e  a d v a n ta g e  t h a t  th e  n o - s w i tc h in g  
c o n d i t i o n  i s  a lw ays  a  s t r a i g h t  l i n e  p a s s in g  th ro u g h  th e  
p r e f e r e n c e  a t  e q u a l i t y .  I n  t h e  p r e s e n t  c a s e ,  how ever, t h e
p r e f e r e n c e  a t  e q u a l i t y  i s  v e r y  v a r i a b l e  and th e  more e a s i l y  
u n d e r s to o d  p e r c e n ta g e  axes  have  been  ch o sen  t o  i l l u s t r a t e  th e
a b s e n c e  o f  s w i tc h in g  more c l e a r l y .
Thus f a r  i t  h a s  been  assumed t h a t  i n  th e  e x p e r im e n ta l  sys tem  
i n d i v i d u a l s  o f  b o th  p r e y - s p e c i e s  a r e  a t t a c k e d  and consumed w i th
e q u a l  e a s e .  T here  i s  some e v id e n c e  to  s u g g e s t ,  how ever, t h a t
t h i s  may n o t  be th e  c a s e .  O b s e r v a t io n s  from e x p e r im e n t  1
i n d i c a t e d  t h a t  A .e q u in a  d e ta c h e d  from  th e  m usse l  s h e l l s  much more 
o f t e n  th a n  S . t r o g l o d y t e s , and t h a t  th e y  f a i l e d  to  r e - a t t a c h ;  
f u r t h e r m o r e ,  many o f  t h e s e  d e ta c h e d  i n d i v i d u a l s  w ere  a l s o
s l i g h t l y  i n f l a t e d  i n d i c a t i n g  t h a t  t h e y  h a d ,  i n d e e d ,  b een  a t t a c k e d  
by A . p a p i l l o s a . To i n v e s t i g a t e  t h i s  f u r t h e r  t h e  number o f
anemones found d e ta c h e d  was r e c o rd e d  d u r in g  th e  c o u rs e  o f
e x p e r im e n t  2.
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A t o t a l  of 19 A .e q u in a  w ere  found d e ta c h e d  i n  e x p e r im e n t  2. 
The d i s t r i b u t i o n  o f  t h e s e  d e ta c h m e n ts  be tw een  th e  p re y  r a t i o s  i s  
shown below:
R a t io  (S t r o r A e q r )  7 :3  5 :5  3 :7
R e p l i c a t e  1 2 8 1
R e p l i c a t e  2 3 5
No d e tachm en t by S . t r o g l o d y t e s  was o b s e rv e d .
Detachm ent and column i n f l a t i o n  a r e  w e l l  documented e scap e  
r e s p o n s e s  f o r  A .e q u in a  (Edmunds e t  a l . ,1 9 7 4 ) ,  and t h u s ,  t h e  
d e ta c h m e n ts  o bse rved  i n  t h i s  e x p e r im e n t  may r e p r e s e n t  s u c c e s f u l  
e s c a p e  b e h a v io u r  i n  r e s p o n s e  to  a t t a c k  by A . p a p i l l o s a . I f  t h i s  
i s  t h e  c a s e ,  th e n  th e  two p r e y - s p e c i e s  a r e  n o t  e q u a l l y  a v a i l a b l e ,  
and th e  p a t t e r n s  o b se rv e d  may r e s u l t  from p r e f e r e n c e s  d e te rm in e d  
by a  g r e a t e r  p r o b a b i l i t y  o f  a  s u c c e s f u l  a t t a c k  on S . t r o g l o d y t e s .
DISCUSSION.
The o b j e c t i v e  o f  t h i s  s e r i e s  o f  e x p e r im e n ts  was t o  t e s t  th e  
h y p o t h e s i s  t h a t ,  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  A . p a p i l l o s a  would 
d e m o n s t ra te  s w i tc h in g  b e h a v io u r .  None o f  th e  e x p e r im e n ta l  
r e s u l t s  s u p p o r t  t h i s  h y p o t h e s i s .  A s t r o n g  o v e r a l l  p r e f e r e n c e  f o r  
S . t r o g l o d y t e s  was d e m o n s t ra te d  by a l l  bu t  one n u d ib ra n c h  f o r  most 
o f  t h e  e x p e r im e n ts  and t h i s  p r e f e r e n c e  was a p p a r e n t l y  u n a f f e c t e d
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by th e  r e l a t i v e  abundances  o f  t h e  p re y  s p e c i e s  p r e s e n t e d .  These 
r e s u l t s  a r e  c o n s i s t e n t  w i th  th o s e  o f  Murdoch (1969) who r e p o r t e d  
t h a t  p r e d a t o r s  w i th  s t r o n g  p r e f e r e n c e s  d id  no t show s w i tc h in g .
I t  i s  p o s s i b l e  t h a t  u n d e r  d i f f e r e n t  e x p e r im e n ta l  
c i r c u m s ta n c e s  ( e . g . low er  o r  h i g h e r  p rey  d e n s i t i e s ,  d i f f e r e n t  
anemone s p e c i e s ,  p a t c h i l y - d i s t r i b u t e d  p r e y ) ,  s w i tc h in g  b e h a v io u r  
would have  been  o b s e rv e d .  The e x p e r im e n ta l  sy s tem , how ever, was 
n o t  e c o l o g i c a l l y  u n r e a l i s t i c ;  A . p a p i l l o s a , found among th e  m usse l  
beds a t  K i n k e l l  B r a e s ,  would e n c o u n te r  a  s i m i l a r  c h o ic e  betw een  
A .e q u in a  a t t a c h e d  to  m u ss e l s  and S . t r o g l o d y t e s  e i t h e r  b u r i e d  i n  
sand  be tw een  m u ss e ls  o r  exposed  l i k e  A .e q u in a . F u r th e rm o re ,  th e  
d e n s i t y  o f  p re y  p r e s e n t e d  was s i m i l a r  to  p a tc h e s  found i n  th e  
n a t u r a l  h a b i t a t .  T hus , t h e s e  r e s u l t s  r e f l e c t  a  g e n u in e  p a t t e r n  
o f  b e h a v io u r ,  and s w i tc h in g  b e h a v io u r  as  a n  a d a p t i v e  mechanism to  
im prove f o r a g in g  e f f i c i e n c y ,  a t  t h e  p re y  r e l a t i v e  abundances  used  
i n  t h i s  e x p e r im e n t ,  i s  n o t  d e m o n s t r a b le .  I t  sh o u ld  p e rh a p s  be 
n o te d  t h a t  th e  r e s u l t s  o b t a in e d  i n  t h i s  s tu d y  a r e  n o t  d i s s i m i l a r  
t o  th o s e  o f  Murdoch (1969) i n  h i s  s t u d i e s  on A c a n t in a  s p i r a t a .
I t  i s  p o s s i b l e  t h a t  a t  more e x trem e  r a t i o s  o f  p r e y  abundance 
th e  c o n d i t i o n i n g  e f f e c t ,  t h ro u g h  f e e d in g  i n  p a r t i c u l a r  h a b i t a t  
p a t c h e s ,  i s  s u f f i c i e n t  t o  e f f e c t  s w i tc h in g  b e h a v io u r .  I n  
d e s ig n i n g  th e  e x p e r im e n t  more ex tre m e  r a t i o s  were e x p e c te d  to  be 
l e s s  i n f o r m a t iv e  t h a n  7 :3  i n  d e f i n i n g  th e  shape  o f  a  s w i tc h in g  
c u rv e ,  sh o u ld  such  be d e m o n s t r a b le .  I n  r e t r o s p e c t  p e rh a p s  a n  8 :2  
r a t i o  would have  p ro v e n  more v a l u a b l e .
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The r e s u l t s  of  th e  p r e s e n t  e x p e r im e n ts  do show t h a t  th e  
i n g e s t i v e  c o n d i t i o n i n g  phenomenon d e m o n s t ra te d  i n  c h a p te r  5 does 
o p e r a t e ,  a t  l e a s t  f o r  S . t r o g l o d y t e s , i n  t h i s  sy s tem  where th e  
co n su m p tio n  o f  i n t a c t  anemones i s  r e q u i r e d  and where th e  
c o n d i t i o n i n g  d i e t  i s  o n ly  r e l a t i v e l y  more abu n d an t  th a n  an  
a l t e r n a t i v e  p r e y .  The a b s e n c e  o f  any a p p a r e n t  c o n d i t i o n i n g  to  
A .e q u in a  rem a ins  somewhat e n ig m a t i c .  The e s c a p e  r e s p o n s e s  
d e s c r i b e d  p r e v i o u s l y  f o r  A. e q u in a  may be im p o r ta n t  i n  t h i s  
r e s p e c t .  Such d e f e n s i v e  a d a p t a t i o n s  may make i t  a d v a n ta g e o u s  ( a t  
t h e  d e n s i t i e s  used  i n  t h i s  e x p e r im e n t )  f o r  A . p a p i l l o s a  t o  p re y  on 
S . t r o g l o d y t e s  r e g a r d l e s s  o f  r e l a t i v e  abundance . The d e g re e  to  
w hich  such  c o n d i t i o n i n g  changes  t h e  o b se rv e d  b e h a v io u r  o f  th e  
n u d ib ra n c h  i s  an  i n d i c a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  t h i s  
phenomenon u n d e r  more b i o l o g i c a l l y  r e a l i s t i c  c i r c u m s ta n c e s .  
T hus , t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  o v e r a l l  p r e f e r e n c e  f o r  
S. t r o g l o d y t e s  t h a t  was d e m o n s t ra te d  by f i v e  o f  t h e  s i x  
n u d ib ra n c h s  i n  th e  e x p e r im e n t  co u ld  no t  be r e v e r s e d  by 
c i r c u m s ta n c e s  t h a t  m igh t be e x p e c te d  t o  p r e v a i l  i n  th e  n a t u r a l  
h a b i t a t .
The r e a s o n s  f o r  th e  p r e f e r e n c e  shown f o r  S . t r o g l o d y t e s  a r e  
u n c l e a r ,  and th e  a n a l y s i s  o f  p r e y - v a lu e s  i n  te rm s of  g row th  and 
r e p r o d u c t i o n  shed l i t t l e  l i g h t  on t h i s  p rob lem .
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As d i s c u s s e d  p r e v i o u s l y ,  how ever, S . t r o g l o d y t e s  s t a n d s  ou t  
among th e  s p e c i e s  s t u d i e d  as  b e in g  somewhat d i f f e r e n t  from th e  
o t h e r s .  T h is  anemone a p p e a r s  to  be a s s i m i l a t e d  more e f f i c i e n t l y  
and i s  i n d i c a t e d  as  p o s s i b l y  b e in g  consumed a t  a  f a s t e r  r a t e .  I t  
s h o u ld  be em p h a s ise d ,  how ever ,  t h a t  i t  has  t h e  lo w e s t  c a l o r i f i c  
v a lu e  of a l l  th e  anemones s t u d i e d  (T a b le  3 )  and d id  no t  r e s u l t  i n  
improved grow th  o r  r e p r o d u c t i o n  ( F i g s .  2 and 5 ) .  Anemone 
d e f e n s e s ,  a s  d e te r m in a n t s  o f  p r e y  s e l e c t i o n  by A . p a p i l l o s a , may, 
i n  f a c t ,  p l a y  a key  r o l e  i n  th e  dynam ics o f  t h i s  sy s tem .
I n  th e  p r e s e n t  c o n te x t  i t  i s  r e l e v a n t  t o  c o n s id e r  th e  
a p p a r e n t l y  f r e q u e n t  and e x t e n s i v e  a s s o c i a t i o n  t h a t  A .p a p i l l o s a  
d e m o n s t ra te s  i n  t h e  i n t e r t i d a l  w i t h  S . t r o g l o d y t e s . L a rg e  numbers 
o f  A . p a p i l l o s a  have  been  found i n  such  a s s o c i a t i o n  and many, 
i n d e e d ,  have  been  o b se rv e d  spaw ning . T h is  i n d i c a t e s  t h a t  
A . p a p i l l o s a  m etam orphosing  among e x t e n s i v e  b u r ie d  S . t r o g l o d y t e s  
p o p u l a t i o n s  w i l l  s u c c e s s f u l l y  s u r v i v e ,  grow and re p ro d u c e  i n  such  
c i r c u m s ta n c e s .  Under t h e s e  c o n d i t i o n s ,  how ever, i n d i v i d u a l  a d u l t  
n u d ib ra n c h  s i z e s  w ere  i n v a r i a b l y  s m a l l  ( t h e  m a j o r i t y  o f  
A . p a p i l l o s a  c o l l e c t e d  i n  a s s o c i a t i o n  w i th  S . t r o g l o d y t e s  d u r in g  
May and J u n e ,  1983 w ere  b e tw een  1 .0  and 2 .0 g )  and m ark ed ly  below 
maximum a t t a i n a b l e  s i z e s  ( t h e  l a r g e s t  A .p a p i l l o s a  i n  l a b o r a t o r y  
s t u d i e s  exceeded  1 1 . Og).
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Sm all  a d u l t  s i z e s  h e r e  w i l l  be th e  r e s u l t  o f  a c o m b in a t io n  
o f  a t  l e a s t  t h r e e  im p o r ta n t  e c o l o g i c a l  f a c t o r s ;
i )  S . t r o g l o d y t e s  i s  a r e l a t i v e l y  s m a l l  anemone and may, 
t h e r e f o r e ,  c o n s t i t u t e  a  s u b -o p t im a l  p rey  i te m  f o r  l a r g e  
A . p a p i l l o s e .
i i )  The a b i l i t y  o f  S . t r o g l o d y t e s  t o  w ithd raw  i n t o  sand  (a n d ,  
p e r h a p s ,  a  c r e v i c e  i n  th e  h a rd  s u b s t r a tu m  to  which i t  i s  a t t a c h e d  
o r  be tw een  M u sse ls )  may a f f o r d  p a r t i a l  o r  t o t a l  p r o t e c t i o n  from a  
l a r g e  p r e d a t o r .
i i i )  L a rg e  n u d ib ra n c h s  a s s o c i a t e d  w i t h ,  f o r  exam ple, th e  
e x t e n s i v e  S . t r o g l o d y t e s  beds  a t  R ob in  H ood 's  Bay ( s e e  P l a t e  3 ) ,  
would no t  s u r v i v e  wave c r a s h  o r  wave su rg e  i n  t h i s  exposed  
h a b i t a t  due t o  th e  s c a r c i t y  o f  p h y s i c a l l y  p r o t e c t i v e  
m i c r o h a b i t a t s .
S . t r o g l o d y t e s  may, t h e r e f o r e ,  by v i r t u e  o f  i t s  s m a l l  s i z e ,  
abundance  and e x t e n s i v e  d i s t r i b u t i o n  on rocky  s h o re s  around  th e  
B r i t i s h  I s l e s ,  co m p rise  an  i d e a l  a s s o c i a t e  f o r  j u v e n i l e  
A . p a p i l l o s a .
E x tended  s u r v i v o r s h i p  and l a r g e r  ( t o  maximal) body s i z e s  
among S . t r o g l o d y t e s  a s s o c i a t e s  w ou ld ,  f o r  th e  r e a s o n s  o u t l i n e d  
a b o v e ,  be u n l i k e l y  i n  th e  f i e l d :  h e n c e ,  f i t n e s s  w ould , p e rh a p s ,
be maximal f o r  i n d i v i d u a l s  o f  A . p a p i l l o s a  a s s o c i a t e d  w i t h ,  f o r
P l a t e  3 .
The i n t e r t i d a l  h a b i t a t  a t  R obin  H o o d 's  Bay, N orth  Y o r k s h i r e ,  i n  
w hich  s m a l l e r  A .p a p i l l o s a  a r e  common i n  a s s o c i a t i o n  w i th  
S . t r o g l o d y t e s . The b o u ld e r s  a r e  b o th  a p p ro x im a te ly  Im i n  
d i a m e te r  and th e  n e a r e s t  i s  some 10m d i s t a n t .  The p h o to g rap h  was 
t a k e n  a t  E.L.W .S. and shows t h e  in c o m p le te  d r a in a g e  of  t h e  
e x p o sed ,  f l a t  s u r f a c e  fo rm ing  s m a l l  p o o ls  among M ytilixs clumps 
and a s s o c i a t e d  s a n d .  The a lm o s t  t o t a l  a b sen c e  o f  any a lg a e  i s  a 
f u r t h e r  i n d i c a t i o n  o f  t h e  d e g re e  o f  e x p o s u re .  N ud ib ranchs  were 
g e n e r a l l y  l o c a t e d  a t  t h e  p o o l  m arg in s  a round th e  p e r i p h e r y  of 
M y t i l u s  c lum ps. M usse ls  w ere  v e ry  s m a l l  ( 1 - 2 cm maximum s i z e )  
and d e n s e .
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exam ple ,  th e  l a r g e r  A .e q u in a  o r  U . f e l i n a  i n  th e  p r o t e c t e d  
u n d e r - s to n e  h a b i t a t .  I t  i s  n o n e th e l e s s  q u i t e  l i k e l y  t h a t  
j u v e n i l e s  m igh t f r e q u e n t l y  s e t t l e  i n  a s s o c i a t i o n  w i th  
S . t r o g l o d y t e s  and s u b s e q u e n t ly  become r e l o c a t e d  i n  th e  u n d e rs to n e  
h a b i t a t  t h e r e a f t e r .
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Chapter 7 .
SUMMARY AND CONCLUSIONS
O ptim al f o r a g in g  m odels have  p roved  to  be o f  c o n s id e r a b l e  
v a lu e  i n  th e  a n a l y s i s  and d e s c r i p t i o n  o f  p r e d a t o r  b e h a v io u r .  I n  
t h e  p r e s e n t  s tu d y ,  how ever, s p e c i f i c  o p t im a l  f o r a g i n g  m odels  have 
n o t  been  c o n s t r u c t e d  o r  t e s t e d .  N e c e s s a r i l y ,  s i m p l i s t i c  
o p t i m a l i t y  m odels do n o t ,  i n  most c a s e s ,  a c c u r a t e l y  d e s c r i b e  o r  
p r e d i c t  t h e  f o r a g in g  b e h a v io u r  o f  p r e d a t o r s .  N o ta b le  e x c e p t io n s ,  
how ever ,  i n c l u d e ,  f o r  exam p le ,  t h e  s t u d i e s  o f  B elovsky  
(1 9 7 8 ,  1981) and B elovsky  & J o r d a n  (1978) on th e  N o r th  A m erican 
Moose and of O s t f e l d  (1982)  on th e  C a l i f o r n i a n  s e a - o t t e r .  
D e s p i t e  t h e s e  and o t h e r  e x c e p t i o n s ,  i n  w hich r e l a t i v e l y  s im p le  
m odels  do s u c c e s s f u l l y  p r e d i c t  b e h a v io u r ,  i t  seems t h a t ,  f o r  most 
p r e d a t o r s ,  t h e r e  i s  a  marked e le m en t  o f  u n p r e d i c t a b i l i t y  i n  
f o r a g i n g  b e h a v io u r .  Such 'n o ise *  i n  o b se rv e d  p r e d a t o r y  b e h a v io u r  
i s  l i k e l y  t o  b e ,  a t  l e a s t  i n  p a r t ,  a  consequence  o f  s t o c h a s t i c  
f a c t o r s  a s s o c i a t e d  w i th  e a ch  p re y  e n c o u n te r .  F o r  exam ple , i n  th e  
c a se  o f  A . p a p i l l o s a , l o c a l i s e d  f l u c t u a t i o n s  i n  w a te r  c u r r e n t s  may 
r e s u l t  i n  a  d i f f e r e n t  s p e c i e s  o f  anemone b e in g  d e t e c t e d  and e a t e n  
on  d i f f e r e n t  o c c a s s i o n s .  F u r th e r m o r e ,  s p e c i f i c  c o m p l e x i t i e s ,  
a s s o c i a t e d  w i th  e a ch  p r e d a t o r - p r e y  a s s o c i a t i o n  may f u r t h e r  
d e t r a c t  from th e  a c c u r a c y  o f  f o r a g i n g  model p r e d i c t i o n s .  Each 
a n im a l  a s  a  ' s p e c i a l  case* may, i n d e e d ,  be t h e  r u l e  r a t h e r  t h a n  
t h e  e x c e p t io n .  D e s p i te  t h i s ,  how ever ,  such  m odels  a r e  o f  
c o n s i d e r a b l e  v a lu e  by v i r t u e  o f  t h e i r  c a p a c i t y  t o  fo cu s  a t t e n t i o n
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on p o s s i b l e  f a c t o r s  w hich may be im p o r ta n t  u n d e r ly in g  
d e te r m in a n t s  o f  f o r a g i n g  b e h a v io u r  f o r  many s p e c i e s .
I n  th e  p r e s e n t  s tu d y  th e  d e m o n s t r a t io n  o f  i n g e s t i v e  
c o n d i t i o n i n g  f o r  A .p a p i l l o s a  and c o n s i d e r a t i o n s  a r i s i n g  from 
o p t im a l  f o r a g in g  th e o r y  l e d  us t o  p r e d i c t  t h a t  th e  n u d ib ra n c h  
would d e m o n s t ra te  s w i tc h in g  b e h a v io u r  ( s e n su  M urdoch ,1969; 
Murdoch & O a t e n ,1975; Murdoch e t  a l . ,1 9 7 5 ) .  On a t h e o r e t i c a l  
b a s i s  such  a p r e d i c t i o n  was e n t i r e l y  r e a s o n a b le ;  A . p a p i l l o s a  
a p p e a r s  t o  f u l f i l l  many of  t h e  a s su m p t io n s  u n d e r  which s w i tc h in g  
b e h a v io u r  sh o u ld  o c c u r .  N o ta b ly :
i )  The n u d ib ra n c h s  p re y  on more t h a n  one s y m p a t r ic  p re y  s p e c i e s .
i i )  A t r a i n i n g  e f f e c t  ( s e n s u  M c N a ir ,1 9 8 0 ,1 9 8 1 ) ,  a t  l e a s t  w i th  
r e g a r d  to  th e  s e l e c t i o n  o f  w a t e r - b o r n e  ch em ica l  p r e y - s t i m u l i ,  i s  
c l e a r l y  d e m o n s t ra b le .
i i i )  P r e v i o u s l y  p u b l i s h e d  s t u d i e s  had i n d i c a t e d  a d i s t i n c t  
v a r i a b i l i t y  i n  p r e y - p r e f e r e n c e  e v e n  w i t h i n  r e s t r i c t e d  l o c a l i t i e s  
( e . g . S te h o u w e r ,1952; Braams & G ee len ,1 9 5 3 ;  R o b so n ,1961; 
W a t e r s , 1973; Edmunds e t  a l . , 1 9 7 4 ,1 9 7 6 ) .
D e s p i te  t h e  a p p a r e n t  s u i t a b i l i t y  o f  A . p a p i l l o s a  as  a 
' s w i tc h in g  p r e d a t o r * , su c h  b e h a v io u r  co u ld  no t  be d e m o n s t ra te d ;  
i n  most c a s e s ,  a  marked p r e f e r e n c e  was shown f o r  S . t r o g l o d y t e s . 
T hus , i n  th e  p r e s e n t  s tu d y ,  a  p r e d i c t i o n  based  on sound and 
d e m o n s t ra te d  p r i n c i p l e s  ( s e e ,  f o r  exam ple , Lawton e t  a l . ,1974 ;
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B a y l i s s ,19 8 2 )  co u ld  n o t  be u p h e ld .  Reasons f o r  th e  o b se rv ed  
p r e f e r e n c e  f o r  S . t r o g l o d y t e s  a r e ,  a s  y e t ,  u n d e te rm in e d .  W ith in  
t h e  c o n te x t  of  t h e  s w i tc h in g  e x p e r im e n t  m ethodo logy , t h i s  may 
h av e  been  a consequence  o f  t h e  s i m p l i f i e d  e n v ironm en t where no 
p r o t e c t i o n  i n  c r e v i c e s  o r  be tw een  m u sse ls  was a f f o r d e d  to  
S . t r o g l o d y t e s . F u r th e rm o re ,  i t  would a p p e a r  t h a t  th e  de tachm en t 
r e s p o n s e  o f  A .e q u in a  may have  n o ta b ly  reduced  th e  f r e q u e n c y  w i th  
w hich t h i s  s p e c i e s  was s e l e c t e d .
*Prey-“v a l u e * , d e r i v e d  i n  i t s  c u r r e n t  b i o l o g i c a l  s e n se  from 
o p t im a l  f o r a g in g  m odels  ( e . g . Pyke e t  a l . , 1977; H ughes,1 9 7 9 ) ,  i s  
e x p e c te d  to  be an  im p o r ta n t  d e te r m in a n t  o f  p r e y - s e l e c t i o n  
b e h a v io u r .  I n  th e  p r e s e n t  s tu d y  'p r e y - v a l u e s * ,  o r  more 
s p e c i f i c a l l y ,  food  o r  t i s s u e - v a l u e s  (b e c a u s e  i n t a c t  anemones were 
n o t  u sed  i n  th e  a n a l y s e s ) ,  have  b een  i n v e s t i g a t e d  f o r  a  ran g e  o f  
anemone s p e c i e s .  A n a ly s i s  o f  t h e  b io c h e m ic a l  c o m p o s i t io n  of 
anemone t i s s u e s  and t h e i r  consum ption  and a s s i m i l a t i o n  by 
n u d ib ra n c h s  d id  n o t  r e v e a l  any marked i n t e r s p e c i f i c  d i f f e r e n c e s .  
S . t r o g l o d y t e s , how ever ,  i s  i n d i c a t e d  a s  b e in g  somewhat d i f f e r e n t  
from th e  o t h e r  s p e c i e s  s t u d i e d ,  p o s s i b l y  b e in g  a s s i m i l a t e d  more 
e f f i c i e n t l y  and consumed a t  a  f a s t e r  r a t e .  These f a c t o r s ,  i n  
c o n ju n c t io n  w i th  t h e  s t r o n g  p r e f e r e n c e s  shown f o r  S . t r o g l o d y t e s  
i n  s w i tc h in g  e x p e r im e n ts  and th e  a p p a r e n t  p rep o n d e ra n c e  o f  f i e l d  
a s s o c i a t i o n s  w i th  t h i s  s p e c i e s ,  do i n d i c a t e  t h a t  S . t r o g l o d y t e s  
may be a  more v a l u a b l e  food  i te m  f o r  A . p a p i l l o s a . A n a ly s i s  o f  
t h e  co m p o s i te  e s t i m a t e s  o f  f i t n e s s  (g ro w th  and r e p r o d u c t i o n ) ,  
how ever , d id  no t r e v e a l  any c o n t r a s t s  i n  pe rfo rm ance  which co u ld  
be r e l a t e d  to  d i e t .  T h is  was a lm o s t  c e r t a i n l y  a  r e s u l t  o f  t h e
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marked v a r i a b i l i t y  i n  th e  p e rfo rm a n c e  o f  n u d ib ra n c h s  w i t h i n  each 
d i e t  g roup  o b s c u r in g  any d i e t a r y  e f f e c t s  which may have 
o b t a i n e d .
A lthough  th e  food  o r  t i s s u e - v a l u e s  o f  anemone s p e c i e s  do no t  
a p p e a r  t o  d i f f e r  m ark ed ly  from  one a n o th e r ,  i t  i s  n o t  p o s s i b l e  t o  
make any s t a t e m e n ts  r e g a r d in g  i n t a c t  anemones, o r  th e  e f f e c t s  o f  
t h e  s p e c i f i c  h a b i t a t  i n  w hich th e y  o c c u r .  Such f a c t o r s  w i l l  
u n d o u b te d ly  be im p o r ta n t  i n  d e te r m in in g  p a t t e r n s  o f  p r e d a t i o n  and 
a s s o c i a t i o n  be tw een  th e  n u d ib ra n c h  and i t s  p r e y .  I n  p a r t i c u l a r ,  
t h e  s i z e  t h a t  a  p r e y  s p e c i e s  n o rm a l ly  a c h ie v e s  i s  l i k e l y  t o  be 
i m p o r t a n t .  I t  i s  r e a s o n a b le  t o  s u p p o s e ,  f o r  exam ple , t h a t  l a r g e  
M .s e n i l e  o r  U . f e l i n a  r e p r e s e n t  lo w -v a lu e  p rey  f o r  s m a l l  o r  
j u v e n i l e  A .p a p i l l o s a  i n  v iew  o f  t h e  ( p o s s i b l y )  h i g h e r  r i s k  of  
m o r t a l i t y  when a t t a c k i n g  such  w e l l - d e f e n d e d  p r e y .  By c o n t r a s t ,  
f o r  l a r g e  a d u l t  n u d ib ra n c h s  S . t r o g l o d y t e s  may r e p r e s e n t  a 
s u b -o p t im a l  p re y  s p e c i e s  by v i r t u e  o f  i t s  s m a l l  s i z e  o r ,  p e rh a p s  
more i m p o r t a n t ly ,  i t s  o c c u re n c e  i n  exp o sed ,  h ig h  e n e rg y ,  
i n t e r t i d a l  h a b i t a t s :  i n  such  e n v iro n m e n ts  l a r g e  A . p a p i l l o s a  a r e  
u n l i k e l y  t o  be a b l e  to  m a i n t a i n  th e m s e lv e s  due to  wave c r a s h  and j
s u r g e .  I n  a d d i t i o n ,  one may e x p e c t  d i f f e r e n c e s  i n  p r e y - v a lu e s  
r e s u l t i n g  from s p e c i e s - s p e c i f i c  s u i t e s  of  d e fe n s e  and e sc a p e  
a d a p t a t i o n s  ( e . g . th e  d e ta c h m e n t  r e s p o n s e  o f  A .e q u in a , b u r i a l  by 
S . t r o g l o d y t e s  o r  p r o t e c t i o n  a f f o r d e d  by a d h e re n t  s h e l l  f rag m en t  
f o r  U . f e l i n a ) .
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I n  t h i s  s tu d y  no a c c o u n t  has  been  t a k e n  o f  th e  
p l a n k t o t r o p h i c  l a r v a l  p h ase  o f  A . p a p i l l o s a , a l th o u g h  a number of 
u n s u c c e s s f u l  a t t e m p t s  w ere  made to  c u l t u r e  th e  l a r v a e  th ro u g h  t o  
m etam ophos is .  The im p o r ta n c e  o f  t h i s  s t a g e  i n  th e  l i f e - c y c l e ,  
w i t h  r e g a r d  to  f o r a g in g  b e h a v io u r ,  i s  u n e s t a b l i s h e d  a l th o u g h  i t  
i s  c e r t a i n  to  be o f  c o n s i d e r a b l e  im p o r ta n c e .  N ud ib ranch  l a r v a e  
i n v a r i a b l y  r e q u i r e  th e  p r e s e n c e  o f  th e  l i v e  a d u l t  d i e t  b e f o r e  
th e y  w i l l  m etam orphose. I n  th e  c a se  o f  A . p a p i l l o s a , w here a 
number o f  p re y  s p e c i e s  a r e  a c c e p t a b l e  d i e t a r y  i t e m s ,  t h e  e x t e n t  
t o  w hich s p e c i f i c  anemones d i f f e r e n t i a l l y  e l i c i t  s e t t l e m e n t  
r e s p o n s e s  i s  o f  c r i t i c a l  im p o r ta n c e .  I n  th e  a b sen c e  o f  any 
marked s p e c i f i c i t y  a t  s e t t l e m e n t  one would e x p e c t  m ost l a r v a e  to  
s e t t l e  on , and become c o n d i t io n e d  t o ,  th e  most a b u n d a n t  p rey  
s p e c i e s  i n  t h e  h a b i t a t .  Through s u b s e q u e n t  f e e d in g  th e  p r e d a t o r  
would a c t  t o  s t a b i l i s e  o r  r e d u c e  th e  numbers o f  t h a t  p r e y  s p e c i e s  
i n  th e  h a b i t a t .  I f ,  how ever ,  t h e  l a r v a e  d e m o n s t ra te  s p e c i f i c  
p r e f e r e n c e s  a t  s e t t l e m e n t ,  s u b s e q u e n t  p a t t e r n s  o f  p re y  s e l e c t i o n  
by th e  n e w l y - s e t t l e d  n u d ib ra n c h  p o p u l a t i o n ,  r e - i n f o r c e d  by 
i n g e s t i v e  c o n d i t i o n i n g ,  may e x e r t  a  marked p r e d a t i o n  p r e s s u r e  on 
a  s p e c i e s  t h a t  i s  uncommon. U n t i l  t h e  p r e s e n c e  o r  a b se n c e  o f  any 
s p e c i f i c i t y  a t  s e t t l e m e n t  i s  e s t a b l i s h e d  th e  dynamics o f  t h e s e  
a e o l id -a n e m o n e  a s s o c i a t i o n s  m ust n e c e s s a r i l y  rem a in  somewhat 
s p e c u l a t i v e .
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